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ARITHMETICAL CONCEPTS OF CHILDREN* 


Nep M. RUSSELL 
University of Kansas 


I. INTRODUCTION 





UNDER many present-day methods of ‘teaching arithmetic, the child 
is foreed to aequire discrete facts which mean that learning becomes 
chiefly a process of memorizing instead of discovering solutions. Learn- 
ing is foreed out of relation to the normal growth processes. Many 
classroom teachers have discovered for themselves that drill methods 
in arithmetic can lead to unfortunate consequences, but the law of 
repetition in edueational psychology was seldom challenged either in 
practice or in theory, until recently. It is the contention of the organis- 
mie psychologist that this law is not well founded and that the child’s 
understanding of problem-tasks is more important than mere repetition. 

If we are to promote child mastery of arithmetic, then we must de- 
termine first of all what number-ideas children have and in what situa- 
tions children employ mathematical concepts. Wheeler and Perkins 
assert that ‘‘Learning arithmetic begins with the child’s undifferentiated 
coneept of number, size, magnitude, and quantity. Originally his quan- 
titative world contains no idea of specific sizes or quantitative value. 


ee i a oe! ee ae. ie 


His first differentiation is into more and less, a gross differentiation of 
a quantity of field or range.” The child supposedly makes these 
quantitative judgments of more or less very early for he makes use of 
them when-he first handles objects. It was the purpose of our study 
to test kindergarten, first grade, and second grade children for their in- 

“The investigation reported in this paper was made with the codperation of 
Fr. T. Perkins and R. H. Wheeler of the University of Kansas, and also with the 
assistance of Ursula Henley and Helen Gaw of the Lawrence, Kansas, Publie Schools. 
‘he writer is indebted especially to F. T. Perkins for suggestions and criticisms in 
the preparation of the manuscript. 


*Wheeler, R. as and Perkins, F. 7. Principle s of Mental De ve lopment (New 
York: Thomas Y. Crowell, 1932), p. 480. 
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sight into quantitative relations of more and less. If these judgments 
are the first number responses, they would be very accurately developed 
by the time the child reaches the ages of four or five years. 

Another related problem concerns the mathematical vocabulary of 
children four to eight years of age. These children would not only 
understand words expressing the quantitative relations more and Irss, 
but ought to use them in making their wants known to their playmates 
and parents. It is to be expected that words having the meanings of 
equal, same, add, and subtract would be more difficult and therefore 
not understood so well nor used so frequently as words denoting mor: 
and less. 

Wheeler and Perkins maintain that number ideas must first be 
well differentiated before the teacher should give the child addition 
problems in the form of addition ‘facts.’ It would appear, also, that 
the attempt to have the child count is a mistaken procedure until the 
child gains an adequate conception of the magnitude or quantity which 
he is differentiating. True counting is not the cause of number develop- 
ment, but is the result of the development. As the eardinal idea of 
number differentiates for the child, there oceurs, simultaneously, a reali- 
zation of the various relationships of number as a part of a more in 
clusive concept, the number series. 

It must be established how large a quantity children ean deal with 
and also, if possible, in what way they actually work with quantities. 
We aimed, then, to discover in children four to eight years of age: 
1. The responses to quantitative situations of more and less. 2. The under- 
standing and use of words denoting more, less, many, equal, and same. 
3. The limits, perceptually, beyond which they cannot make distinc 
tions between quantities. 4. The manner in which they go about the 
task of making distinctions between quantities. 


Il. EXPERIMENTAL METHOD 


A preliminary study was made to determine the best method of pre 
senting quantities to the child so that he might judge which was large! 
or largest. It was decided that the child should be presented two quan 
tities in the form of two groups of blocks. 

The questions asked the children in the first study were: Are the 
two piles of blocks equal? The same? Can you make them equal? Whic! 
pile has the most blocks? The least number of blocks? Which pile has mor 
blocks? Less blocks? It was anticipated that children from the ages ° 
four to eight years of age would not distinguish sharply the compa! 
ative degree (more) from the superlative degree (most). It was found 
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that many children would use more and most as well as less and least 
interchangeably. Questions involving the words most and least were 
understood in many cases when the words more and less were not under- 
stood. 

The main study was divided into two experiments, A and B. Three 
tests with similar materials were used in both A and B. In Test I the 
experimenter presented two irregular groups of blocks before the indi- 
vidual subject. These blocks were unpainted and were one inch square in 
size. The following are the number of blocks that were used in the 
ap groups of the various combinations: 3-6; 5-7; 2-5; 6-8; 1-4; 7-10; 3-3; 
5-8; 2-6: 8-8: 5-6: 8-10: 1-2: 9-10; 6-6; 7-9; 3-4; 6-7; 1-5; 10-10; 
4-4; 8-9; 1-6; 3-5; 4-7; 2-4; 9-9; 46; 5-5; 7-7; 2-3; 1-1; 4-5; 7-8; 
2-2; and 1-3. The combinations were presented in the order given above. 
If the child hesitated, if he counted, or if he insisted upon manipulating 
the blocks in some manner before making a response, it was recorded 
on the individual subject’s data sheet. The children in Experiment A 
were asked the question, ‘‘Which pile has the most blocks?’’ If the 
child had diffieulty with this question, the following were given: ‘‘ Are 
the piles of bloeks the same?’’ ‘‘Does one pile have more blocks than 
the other?’’ ‘‘How many blocks does this pile have?’’ 

It was desired to check the results obtained on Test I by varying 
the materials (blocks). In Test II (see Table I) each pile had both 
small and large blocks in it. The small blocks were unpainted and 
were one inch square while the large blocks were unpainted and were 
two inches square. In Test III (see Table I) painted blocks one inch 
square were employed. White, blue, green, yellow, and red colors were 
used. The experimenter asked the child exactly the same types of 
questions on Tests II and III as on Test I. One subject took the first 
half of Test IT and the seeond half of Test III, while the next subject 
took the second half of Test II and the first half of Test III. The re- 
sults from Tests II and III were combined. 

A number of precautions were taken to prevent extraneous factors 
from affecting the judgments. First, the larger group was: placed to 
the right or to the left of the subjeet in random order. Second, the 
smaller group was placed first in some instances and the larger one 
first in other instances. Third, the experimenter quickly learned the 
combinations well enough so that it was possible to keep a move ahead 
of the subject; changes were performed more rapidly than the latter 
could possibly count. In the majority of cases, it may be added, the 
children were intent on the problem and not on ways of getting around 
the problem. It is not likely, under these conditions, that cues gave 
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away the correct answer. Whenever a subject failed to codperat 
merely resorted to guessing and there was no instance when guessing 


crave consistently correct results. 


TABLE I 


rest Il Test Ill 
Small (S) and Large (L) Block Combinations Colors in Combinations—W hite(W Blue (B). Greer 
Yellow (¥ Red (R 
Combination s I s I Combination W B OG \ R W 7a: ae 
> 7 ; 2 > 2 o- 7 l l l l l 2 l 
2 ) | l 2 ; 2 " 0 ] l uo “0 2 0 } 
} 
7-10 } t i 7-10 4 2 l { l S 
2 0 0 0 1 2 0 l l f 
s } , s 2 fh] ? 0 l 0 ry 
S s t l rd ss 1 ; 0 ; ] 0 0 
~~ 6 4 2 2 1 5- 6 l l l l l 2 l l 
8-10 i ' " ’ 8-10 l l l l } ‘ 2 l 
f- 6 5 l 4 4 6- 6 l ! } 0 0 2 0 0 
o-10 6 4 ‘ 6 4-10 l 3 2 l 2 l 2 
7 ; 2 6 ; 7 ’ } l l l I 2 0 
i 2 l l t 0 0 p 0 l l l l 
Ss ; 7 | ; f s ’ 2 l l l 1 l 0 i 
} t 2 2 Hi i l 0 2 l 0 0 l ) 
2 ' l l l 4 2? 1 1 0 0 1 0 0 2 l 
1-7 2 2 ; 3 1-7 l 3 0 0 0 0 1 3 
5 ' l 5 2 5- 5 2 l l l 0 l I l 
6 l ; i 4 i- 6 l l l l 0 2 0 ] 
7-8 " l > ; 7-8 2 l 0 0 i 0 ; 1 
2- 3 l l 2 l 2- 3 0 1 0 l 0 l 1 0 ) 
6-7 , l ‘ 3 6-7 1 2 l l 1 2 l 2 
i ’ l ‘ 1 5 l l l l 0 l l l 
7-7 6 l , 2 7-7 2 0 l 4 2 l 1 1 





In Experiment B, the same materials as in A were employed wit 
the following exceptions. It was found necessary to change the propo 
tion of big to little blocks in the combinations of Test IIT. In too man) 
of these combinations it was found that the greater number of big blocks 
appeared in the larger group. Since the results indicated that the bie 
blocks were influencing judgments when the child was to look for t 
larger group, the combinations were changed in such a fashion that 
guess on this basis alone would be correct only 50 pereent of the tim 
Half of the group were given Test II and the other half were give 
Test III. The questions asked the child regarding the combination 
constitute the greatest difference in procedure between Experiments 
and B. A Survey of the results from Experiment A revealed that 1 
pupils were being influenced by the type of questions asked them. Whi 
they were asked to find the group of blocks which was the larger, thy 
were intent upon finding a difference between the groups. On the mo! 
difficult combinations, consequently, many errors were committed. | 
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order to check this explanation of the errors, the instructions to the 
subjeet in Experiment B were changed so that he was to look for same- 
vess in the two groups of every combination. The questions were worded 
usually in one or the other of the following two forms, ‘‘ Are the piles 


TABLE II 
EXPERIMENT A 


Pupils Boys Girls _ Av. Age 

Yrs. and Mos.) 
hindergarten 13 8 5 5- 8 
First Grade 12 7 5 6-10 
second Grade 4 3 l 7-1lo 
Potal Group 20 Is 11 6- 9 


TABLE III 
INTELLIGENCE Test RESULTS ON THE SUBJECTS OF EXPERIMENTS A AND B 


Pupil* 1.Q.** Grade in School Pupil*** 1.Q. Grade in School 
Fxperiment A) 1932-1933 (Experiment B) 1932-1933 
. Ist 1 a6 
2 . Ist 2 131 Ist 
3 104 iN 3. 106 K 
i. 106 Ist 4. 102 2nd 
5. 103 hk 5. 113 kK 
6. 105 iN 6. 124 iN 
7 116 2nd e 122 2nd 
&. 105 Ist s. 100 Ist 
a 100 K 9, 118 K 
10, 105 Ist 10, 46 Ist 
11 114 kK 24. Ist 
12 ee Ist 12 109 kK 
13. 117 kK 13. 3 Ist 
14. 97 K 14. 124 iN 
15 120 k 15 a1 Ist 
16 109 Ist 16 101 2nd 

17 109 1 7 107 

is 103 | 12 Ist 
14, 110 19, 1 Ist 
20. 114 2nd 20. 110 2nd 
21. 104 Ist a1. 100 ist 
22. 108 2nd 22. ; K 

23. P ey 23. 2nd 
24. 101 K 24. hk 

25. 101 K 25. ‘ kK 

26. Os Ist 

27. O68 2nd 

28. 105 Ist 

29. 105 kK 


*The numbers in this column refer to the case numbers employed for the pupils in Ex- 
eriment A. 

**The 1.Q. scores were obtained according to the Stanford Revision of the Binet-Simon 
Intelligence Test. The tests were given during the months of November and December, 1933, and 
liso January, 1934. 89 percent of the original group in Experiment A are ineluded; the 
verage 1.Q. was 106.1. 80 percent of the original group of Experiment B are included; the 
verage I.Q. was 109.7. 

' ***The numbers in this column refer to the case numbers employed for the pupils in 
xperiment B. 
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of blocks the same? Are the piles of blocks equal in number?’’ It was 
found, as might easily be surmised, that the children generally used 
same for equal. There were very few instances throughout the whol 
investigation in which a child spontaneously used the word equal. The 
phrase, ‘‘They’re both the same,’’ on the other hand, was used by the 
children many times throughout both Experiments A and B. 


Il. SUBJECTS 


The subjects in Experiments A and B were pupils in the kinder 
garten, first grade, and second grade respectively, during the school 
year 1932-1933 at Lawrence, Kansas. The data regarding these sub 
jects including intelligence test scores on the Stanford Revision, appear 
in Tables II to IV inelusive. 


TABLE IV 
EXPERIMENT B 


Pupils Boys Girls Av. Age 
(Yrs. and Mos 
Kindergarten 10 4 6 6-3 
First Grade 10 5 5 7-0 
Second Grade 5 4 1 sO 
Total Group 25 13 12 7-1 


IV. QUANTITATIVE RESULTS 

In Experiment A, the children were asked to look for differences in 
the groups of blocks in each combination while in Experiment B they 
were required to find sameness. Tables V and VI show the results ob 
tained on Test I in Experiments A and B, respectively. 

The first column in each table marked ‘Combination’ contains th: 
equal combinations, 19-10, 9-9, 8-8, and so on, while the third column 
marked ‘Combination’ contains the unequal combinations, 9-10, 8-10, 8-9, 
and so on. The second and fourth columns give the percentages of error 
on the combinations listed in columns one and three, respectively. Each 


column is divided into two parts so that the average percent of error 


for the higher as opposed to the lower numbered combinations can |» 
compared immediately. 


The nature of the instructions, whether the experimenter has the 


child looking for differences or sameness, seems to play an important 
part as far as the child’s arithmetic performance is concerned. Ther 
is a high pereentage of error on the higher, even combinations in Tab! 
V. The large drop in error occurs between 5-5 and 3-3. 5-5 is per 
ceived as unequal in 52 percent of the cases while the error on 3-3 is 14 
percent. It is significant that several subjects persisted in finding dif 
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TABLE V 
a RESULTS OF EXPERIMENT A 
sf ] 
TEST I 
ol Identical 
, Combinations Percent Error Combination Percent Error 
iT 10-10 86 9-10 31 
| ay 72 8-10 10 
e 8-8 86 8-9 24 
7-7 66 7-10 3 
6-6 66 7-9 14 
7-8 28 
Av. 75.2 6-8 3 
Av. 16.1 
5-5 52 6-7 14 
PT $4 28 5-6 10 
3-3 14 5 7 
ol 2-2 14 3-5 3 
1-1 10 3-4 3 
iD 2-4 3 
Av. 23.6 1-5 3 
ar Av. 6.1 
TABLE VI 
RESULTS OF EXPERIMENT B 
TEST I 
Identical 
s Combinations Percent Error Combination Percent Error 
10-10 18 9-10 52 
9-9 52 8-10 28 
8-8 48 8-9 18 
7-7 $8 7-10 12 
6-6 48 7-9 12 
7-8 28 
Av i8.8 
Av 30.0 
5-5 24 6-8 4 
44 16 6-7 10 
' 3-3 4 5-7 18 
2-2 0 5-6 32 
\ 1-1 0 1-5 13 
; 3-4 t 
) Ay 8.8 
Av. 18.5 
ferenees on 3-3, 2-2, and 1-1. When looking for differences on the un- 
T equal combinations, children apparently can distinguish 6 from 7 with 
; fair accuracy; a difference of one on 4-5 still offers some difficulty. 
r differences of two between the groups of blocks are perceived by 90 per- 


cent of the children. In Table VI there is a lower percentage of error 
on the equal combinations than in Table V. 
vecurs between 6-6 and 5-5 and there is practically no change in the num- 
ber of errors from 10-10 to 5-5 which is in wide contrast to the results 
Although the pupils in Experi- 


A rapid decrease in errors 


on the equal combinations in Table V. 
ment B, were slightly older on the average than those in Experiment 
A, this difference in age will hardly explain the variations of results 
on the two tests. On the unequal combinations there is on the average 
over twice as much error in Experiment B as on the corresponding com- 
binations in Experiment A. The pupils are very certain of themselves 
only on 4-5 and 3-4. 
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Tables VII and VIII whieh give the combined results of Tests I] oy. 
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IIt in Experiments A and B, respectively, show the same general trend f 
ai la 
TABLE VII 
RESULTS OF EXPERIMENT A - 
os 
rESTS Il AND II] COMBINED 
Identical in 
Combinations Percent Error Combination Percent Error 
&-8 sé 9-10 il a 
7-7 79 8-10 11 
6-6 68 su 22 b 
7-10 11 
Av. 77.5 ~~ 1 l 
6-7 11 tle 
Ay 14.1 
} 4 5-8 7 eX 
$4 iu 5-7 4 le 
3 14 5-6 14 
1-7 " ttle 
Ay 5.5 1-6 11 ! 
1-5 14 
3-4 ' aren 
Avy 8.3 , 
TABLE VIII st 
RESULTS OF EXPERIMENT B SIA 
rESTS Il AND Ill COMBINED v 
Identica t] 
Combin t Percent Error Combination Percent Error s 
w 6-10 16 | ) 
7-<¢ 4 8-10 S 
6-6 25 7+ 42 SIS 
Ay 13.0 7-9 17 ils 
Ay 25.2 ad 
- 16 78 12 Cal 
+4 21 6-7 20 roe 
, g 5-6 17 
16 } 
Ay pu ) 45 1 i 
s 4 H 1] 
Av 16.7 It b 
il 
of results that was obtained with Test I in Experiments A and B. The ” g 
are apparently more errors made on the equal combinations and _ less with 
errors on the unequal combinations on Tests IT and IIT than was fou ttle 
on the equal and unequal combinations on Test I. More time was 1 
quired to obtain a solution of these problems in nearly every case. ' 
en 
V. QUALITATIVE RESULTS , 
or 
V ar abulary of thie seren-wear old. The pupil who is about to ent } 
SI 
the seeond grade probably will have a general knowledge of such tern 1, 
as many, most, more, and some understanding of less and least. Mat! rr 
matical terms denoting same or equal are not likely to be comprehended 
at least, the teacher cannot proceed on the assumption that the child wi 
be able to use these terms. There was considerable difficulty in gettin - 
the pupils in this investigation to comprehend the instructions whi 207 
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manded a knowledge of equal or same. 3A (subject 3, Experiment 
failed altogether to get the idea of the questions, ‘*‘ Are the two piles 
ial?’’, Are they the same?’’. He pointed to the group which he 
ught was larger in every instance. 6A also had difficulty with these 
estions. Most pupils who did understand the term same would ex- 
im of their own accord, ‘*‘They’re both the same,’’ or perhaps only 
word, ‘‘None,’’? when asked which group had the greater number 
blocks. 
Influence of size, color, and form of the number response.—There is 
ttle doubt but that Tests II and III offered much more difficulty to 
children than did Test I. The quantitative aspect of the results re 
led to some extent that such was the case, although these results shed 
little light on the nature of the difficulty involved. The younger chil- 
lren especially had difficulty with Tests IT and HI and would exclaim, 
Each group of blocks was differentiated 


example, ‘‘This is hard.’ 
st by these younger children into subgroups made on the basis of 


size or color and this naturally made a quantitative comparison of the 
6 groups more difficult, since quantity as such varied independently 
the size and color of particular objects. As a result, the pupils who 
d not surmount this difficulty Judged the larger group of blocks on the 
sis of the subgroup which appeared largest. Thus, a new type of 
idgment appeared. The largest subgroup of these complex patterns 
eccame the ‘sign’ for the largest whole; subgroups containing many 
rge blocks, of course, carried much more weight than subgroups made 
» primarily of small blocks. 14A missed the combination 4-6 on Test 
\! being influenced by the greater number of large blocks in the ‘4’ 
oup. But the significant statement was added, ‘* This (pointing to the 
6° group) had the most little ones though.’? 15A stated in connection 
th 4-6, ‘*This one is bigger with big blocks. That one is bigger with 


ttle blocks. me 


The role of counting.—Counting has been supposed to play a larg 
rt in the formulation of the first arithmetic concepts of voung ehil- 
ren. In fact, counting is the first task in arithmetie given the child in 
great majority of schools. Dewey claimed that the first arithmetic 
sk to give the child is to have him count.? Thorndike states that sim- 

problems in counting and measuring should form the arithmetic 
irriculum for the first two vears.* This procedure tacitly assumes that 


“Dewey, John. ‘‘Some Remarks on the Psychology of Number,’’ Pedagogical 
iy, V (January, 1898), pp. 426-454. 
Thorndike, E. L. The Psychology of Arithmetic (New York: Maemillan, 1922), 


{ 
=wVi. 
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the series notion is of primary importance and that the development 
quantity concepts will follow as a matter of course. The qualitative data 
from this study, we believe, show definitely that this older theory 1 
garding the acquisition of number ideas is erroneous and that these data 
support a different hypothesis, namely: 1. The cardinal (quantity) and 
ordinal (series) ideas of number differentiate or develop together. 2 
Counting accompanies this process of differentiation, but is not a cans 
of the development. 

The responses from the younger children show that counting was 
not essential for the child to comprehend complex mathematical situa 
tions of more and Jess. The child understands terms relating to differ 
ences of quantity before mastering any other concept used in elementary 
arithmetic. (The genetic study by Decroly and Degand provides data 
corroborating this view.)* This means that an understanding of 1 
cardinal concept must be achieved, even though undifferentiated, before 
the counting act can be perfectly understood. The experimenter gav 
Test I, Experiment A, to nine preschool children (7 girls, 2 boys) wit! 
an average age of 4 vears and 10 months as a partial check of thes: 
points. These children on the average had a visual notion of three. A 
few may have had only a visual idea of two while one subjeet may hav 
had a notion of four. There were a few in this group who could recog 
nize and employ mathematical terms such as most, both, and biggest 
The words same and equal (as employed in the test situation) were i 
comprehensible to these children. The results of this test, corroborated 
by the results on the older children, would indicate that mathematica! 
coneepts meaning most are employed by children before concepts meat 
ing equal. The conelusion cannot be drawn, however, that the conee)! 
most may be differentiated to a high degree while the notion of equa/ 
remains entirely undifferentiated. Where most is fairly well unde: 
stood, some idea of equal is present. The demand for using some idea 
of equality can be shown by the ehildren’s invention of the phrases 
‘*None has the most;"’ **Both have the most;’’ ‘*There’s most on bot 
ends, *’ 

A few eases demonstrate very strikingly the relation of counting t 
the development of the ordinal and eardinal number concepts. 1A 
understood the questions to judge which group had the most blocks 
although his counting could not be depended upon te give him an ac 
curate answer. In this instance both the eardinal and the ordinal con 


‘Deeroly, M., and Degand, Julia. ‘*‘Observations Relatives A L’Evolution D 
Notions De Quantités Continues Et Discontinues Chez L’Enfant.’’ Archives 
Psychologie, XII (May, 1912), pp. 81-121. 
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pts of number were well comprehended. If the combination 8-9 were 
unted 8-8, he reported that the groups of blocks were the same. If 
0 equal groups of blocks were counted as different, 7-7, for example, 
were counted as 7-6, the groups would be judged as different. In one 
ustanee 6-6 was counted 5-5 and he reported, ‘‘The same.’’ Errors in 
counting were made about 75 percent of the time and yet the series 
dea of numbers up to ten was nearly perfect, The parents in this 
case purposely had given no arithmetic training to the child and the 
result demonstrates clearly that a pupil does not need to go through a 
mechanical, rote process of counting in order to learn the meaning of 
e number names. 19A was younger than 18A, but had received some 
training in counting. Here, likewise, the series concept of numbers up 
‘o ten was well mastered; several errors were made in counting, how- 
ever, with the same result as was obtained with 18A. Numbers up to 
ree were recognized immediately by inspection. Numbers above three 
vere always counted. 
Some insight into the counting process as a differentiation of grosser 
mber concepts is shown by the response of 25A. The subject wished 
to be accurate in his responses and verified all his judgments. He was 
sure of himself only on numbers up to six. After indicating correctly 
the larger groups in 6-8, he was asked to count both groups of blocks. 
lle replied, ‘‘I can’t count all of them . . . too many.’’ Again when 
7-8 was presented he counted to six in the larger group and did not try 


to count above six. He said, I can’t go beyond that.’’ He was en- 


ouraged to solve the problem, and he finally proceeded to do so in the 
following manner: he counted ‘‘Two, four,’’ on the seven group and 
ulled the four blocks slightly to one side. ‘*There’s three,’’ he ex- 
lained, meaning that there were three beyond the first four blocks. He 
vunted four in a similar manner in the eight group and since he recog 
zed there were many beyond the four in this group he knew immediately 
vhat reply to make to the question, ‘*‘ Which one has the most blocks?”’ 
The demand upon a child for a comparison of two large groups of 
locks always led to the adoption on his part of some process. for differ- 
cntiating the groups. The evidence indicated that a group ot objects 
weaning many to the child is not differentiated first into a multitude of 
nes. A gross differentiation precedes this more complex differentiation ; 
e division of the group is made into more or less unequal subgroups. 
25A demonstrated this fact clearly by his method of finding a difference 
between seven and eight blocks. The groups were ‘broken up’ into 
‘maller, unequal parts. Seven became a ‘4° and ‘3°. 15A gave a similar 
response although under quite different circumstances. She volunteered 
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to count seven on Test [ and reported, **There’s four in baek and 1 
in front.’’ Again on Test IIT she said relative to seven, ‘* Let me « 
there’s four and three.”’ 

It is only at a later stage that a group is divided by means of c 
ing into homogeneous parts on the basis of number. In the experime Nt 
situation the energy necessary for the child to differentiate a relativ 
large group of blocks by counting 1, 2, 3, and so on, was found to 
tremendous. 6B, whose performance illustrates this point, depended \ 
tirely on the counting method to make her judgments. The difficulties 
encountered in several instances were far beyond the child altho 


they might not have been had the groups of blocks been estimated 


ceptually. On one oeeasion, with the combination 8-8, the child bee 
vonfused and although the groups of blocks were finally counted 
rectly, she could not remember the number in the first group 
counting the second one. This problem remained unsolved. The s 
ject was not at all accurate in counting above six and often repeat 
the counting three or four times. 

Another subject, 9B, had difficulty in verifying judgments by co 
ng This subjeet counted earefully and in order to remembet 
the number of blocks in the first group would frequently repeat 1 


last number with great emphasis, On a group of seven bloeks, for « 


ample, the subjeet said, ‘*1, 2, 3, 4, 5, 6, 7.°’ Then putting both hands 
around the group, she said, ‘‘ This is seven.’’ She proceeded then to t! 
second group of the combination and as soon as the counting was co! 
pleted the larger group was identified. The 8-9 on Test IT was misse: 
however, in spite of this attempt to remember the number of blocks 


the first group. 


VI. DISCUSSION OF RESULTS AND RELATED STUDIES 


The mathematical vocabularies of school children.—Other invest 
gators have found that the term equal is difficult for ehildren to cor 
prehend., The results of Buswell and John indicated that the wor 
equal and each were especially diffieult. 

Renwick found that a mathematical expression whose parts are co) 
nected by the sign of equality means to children ten to twelve years o 
mere ly an instruetion to yx rform the proeess preceeding the sign. Whe 


the term equal Is introduced its meaning tends to become Sane, and To 


Buswell, G. T., and John Lenore. ‘*The Vocabulary of Arithmetie.’* S 


mentary Educatior / Vonogra} his, Number os, Chieago: University of Cl wnago, 1 


a 
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aeed by alike or is used in connection with resemblances where 


ither degree nor quantity is involved.' 


The pre ~S¢ hool ( h ild’s h nowle de of arith pile tre Douglass found that 


idergarten children with few exceptions do not have accurate con- 
nts of number above four. ‘‘ Their coneepts of numbers above four 
e so indefinite that rarely ean they correctly estimate numbers above 
ir as often as three times in five.’ Many of these children, on the 
wer hand, have a sufficiently adequate concept of the numbers up to 


, ten to enable them to estimate these numbers within a very small range 





t error.° 
Deeroly and Degand’s subject learned two in its true significance 





iring the twenty-eighth month; she also began to repeat mechanically, 
rious number names: two, seven, six, and five. In the thirty-ninth 
jonth, she gave any number when asked how many three objects were. 
f there were a large number of objects, she did not reply with any num 

but used the adverb many. In the fifty-fourth month the number 
ree was known and used correctly.” 


4] 


Vethods of differentiating groups: difficulties in the counting 
cthod.—The pattern of the group of objects as a whole undoubtedly 
lavs the leading role in the first stage of perce ing quantities and the 
elations between quantities. Unfortunately, no data exeept of a quali- 
tive nature were gained in the present investigation which bear directly 
this problem. It was evident in many eases, especially among the 
uunger children, that similarity of quantity was closely allied with 
similarity of form. One subject, who placed one group of blocks upon 
e other group of bloeks in Experiment A, demonstrated that the pattern 
nethod enabled him to solve the problem. In this case a difference of on 
as reduced to a difference of pattern. A correct response was given 
ven though it was impossible for the subject to state the exaet amount 
r number in the two quantities concerned. 
Usnadze studied the methods by which pre-school children combined 
e objects about them into groups. Only the three-vear-olds, accord- 
to his results, were unable to form groups unaided or unguided 


the experimenter. The primitive mode of group formation was 





Renwick, E, M. ‘*Children’s Misconceptions Co e the Symbol for Mathe 


tical Equality,’’ British Journal of Educational Psy 4, Il, Part I Febr lary, 
2), pp. 173-183. 
Douglass, H. R. ‘*The Development of Number Concepts in Children of P 
School and Kindergarten Age,’’ Journal of Exper sychologu, VIIL ( Dees 
r, 1925), p. 455. 
“Ibid. p. 467. 
‘Decroly, M., and Degand, Julia. 
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made according to spatial relations of the subject to the material and 


it was only at a later stage that the characteristics of the material itself 


were taken into consideration. Usnadze’s results show very striking) 
the difficulty of the number concept. ‘‘The most difficult characterist es 
for grouping were found to be numbers of dots and colors. The inde- 
pendent use of numbers for grouping without guidance by the experi 
menter was first noticed with six-year-old children . . .’’?” | 

An experiment by Luria not only shows the diffieulty of number con 
cepts, but also gives some evidence in support of the principle advanced 
here that children tend to differentiate large groups of objeets into w 
equal subgroups before employing counting by ones to differentiate thes: 
groups.” 

The maturation of mathematical concepts has not been thought 
play a very important role in learning to count after the number names 
have once been acquired. Buckingham and MacLatchy, for example 
reached the conclusion that when the child counts ten or more objects 
fairly accurately, he has gained considerable knowledge about thes 
higher numbers.’*? Judd, on the other hand, found that counting in 
children really develops quite slowly and involves a complex, mature 
comprehension of number meaning. With the counting of flashes o! 
lights, fifth grade pupils were far less capable than adults. The great 
amount of improvement found in the performance of children as one 
proceeds from the seeond or third to the sixth grades is rather signifi 
cant in view of the fact that special instruction or special drill in count 
ing is not given in these grades. The importance of realizing the diffi 
culties involved are summed up in the following statement, ‘‘If tl 
relatively simple process of counting is as complex as it has been dis 
covered to be, if it matures as slowly as the tables of this monogra) 
show, and if an understanding and appreciation of the meaning of count 
ing are as mature forms of consciousness as the discussion of the last 
few pages indicates, how much more complex must be the mastery : 


number combinations and the later phases of arithmetic?’” 


“Usnadze, D. ‘Studies in Grouping by Pre-School Children,’’ Reviewed in P 
chological Abstracts, IV (October, 1930), p. 462. 

Luria, A. R. ‘*Experimental Psychology and the Development of the Child,’ 
Reviewed in Psychological Abstracts, IV (January, 1930), p. 46. 

“Buckingham, B. R., and MacLatehy, J. ‘‘The Number Abilities of Childr 
Wher Thev Enter Grade One,’’ Tu enty Ninth } earbool - National Society for t 
Study of Education (Bloomington, IMlinois: Public School Publishing Company, 1951 
Part If, Chap. IV, pp. 475-524. 

Judd, C. H ‘** Psvehological \nalysis of the Fundamentals of Arithmeti 
y Educational Monographs, No, 32 (Chieago: University of Chicag 
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Criticism of the conclusion reached by Buckingham and MacLatchy.— 
ere are several investigators whose conclusions have differed from those 
1 We wish, however, to discuss only one as typical of 


intained here. 
is group, namely, that of Buckingham and MacLatchy. These eduea- 
tors report a rather extensive study concerning the number ‘abilities’ 


children when they enter grade one. They concluded that ‘if we may 
regard the children in this study as typieal. . . it seems probable that 
t least one-half and possibly two-thirds of the pupils who enter the first 
ade ean successfully negotiate by means of objects any of the one 
idred basie facts of addition.’’** 
Three objections can be raised to the conclusions of Buckingham and 
MacLatehy. First, children of this age are not accurate in their re 
sponses to arithmetie problems involving numbers over five, but are quite 
lever at ‘guessing’ the answers. This is shown rather strikingly in 
Buckingham and MacLatehy’s own results wherever more than one trial 
is allowed for gaining the correct response (except counting problems, 
see particularly Tables VI and VIII of their report). Buckingham and 
MaeLatehy, even though they have insisted on complete accuracy as 
e eriterion of success, are inclined to give too much eredit to the cehild- 
n who attained ‘partial’ suecess. These children, they believe, are ‘on 
e way.” (See, for example, the interpretation given to the results of 
e reproducing of five.“°. The fundamental difference between the inter- 
retation of these authors and the one maintained here becomes most 
evident on this very point. These authors hold that partial knowledge 
the numbers five to ten indicates that a pupil with only a little addi- 
onal experience will stabilize his action sufficiently for a perfeet re- 
sponse. The theory adhered to here supposes that the ‘way’ to perfect 
nowledge of the higher numbers may be most difficult for not a few 
these pupils and that, furthermore, the mastery of number is a most 
moplex process. 
Second, the tests of these investigators were measures chiefly of ab- 
tract responses. It should be recognized that such processes as counting 


hen isolated from the whole arithmetie situation become artificial and’ 


Four of the most important of these studies are as follows: 

Buckingham, B. R., and MacLatelhy, J. Op. Cet. 

Washburne, C, ‘* When Should We Teach Mathematies? A Committee of Seven 
estigation,’’ Eli mentaru Ne hool Jou nal, x xX V\ III May, 1928 . PP- 659-665. 

Washburne, C. ‘‘ Mental Age and the Arithmetic Curriculum: A Survey of the 
mmittee of Seven Grade Placement Investigations to Date,’’ Journal of Educational 
earch, XXIIL (Mareh, 1931), pp. 210-231. 

Woody, C. ‘*The Arithmetic Background of Young Children,’’ Journel of 
lucational Kesearch, XXIV (October, 1931), pp. 

“Buckingham, B. R., and MacLatchy, J. Op. Ci 

Mlhid. p. 108. 
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unimportant from the point of view of the child. In other words, 4 t. 
counting method in itself will reveal little concerning the child’s triy 
ideas about quantities and about the number series. A statement | es 
Buckingham and MacLatehy concerning their own report is of impor ove 
tance in this connection. ‘*‘There is nothing here about compariso tu 
nothing about a quantitative vocabulary. . . .’’ gh 
Third, Buckingham and MacLatchy assume that sinee first grad 2. 
children have a good background of number ideas they are ready fo col 
formal instruction in this subject. It is true that first grade pupils pe: erst 
form about as well on certain tests as do second graders or even third drill 
graders. It was found by Woody, Douglass, and also in the present trons 
study, as well as by Buckingham and MacLatehy, that young childre: take 


possess considerable arithmetical information. But the conelusion does 
not follow from these results that any pup from four to eight vears 
of age is competent to receive formal arithmetic instruction as it is now 
presented in many elementary schools. It is known that difficulties in 
the comparatively simple tasks of processing have been experienced } 
pupils as far advanced as the eighth grade and in some instances even | 
students in college. It is our contention that the investigator needs | 
follow the mastery of number concepts as a continuous, maturation ar 
differentiation process, of which counting is secondary, and to interpr 
his findings in relation to this larger picture of mental growth. No «a 
curate prediction of the development of number ideas will be possibli 


except as this more inclusive problem is taken into consideration. 


VIE. CONCLUSION 


1. The results lead to the conelusion that the child’s first concept 
number is a manyness from which the quantity and serial aspects 
number differentiate. Data were presented to show that the differenti 
tion is a gradual process which, at the seven vear-old level and bevor 
does not reach the adult’s conception of the eardinal and the ordin: 
ideas of number. 

2. The present study substantiates the hypothesis that the eardin 
and ordinal number concepts develop simultaneously. Ability to count 
in itself, is not a reliable measure ef this development. 


” 


3. The ehild, four and a half to five years of age, readily unde: 
stands the terms most, both, and biggest. Words denoting same an 
equal are not comprehended. The child can compare groups of blocks 
up to ten with remarkable accuracy, although he has a visual notio! 


only of three or perhaps of four. 
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t+. The seven-year-old child uses such terms as many, most, and more. 


e words same and equal are not fully comprehended. Counting by 
es is a difficult method for differentiating groups and is not accurate 
The child will form subgroups first which have unequal 
At a later stage in the differentia-process, count- 


ove five. 
ue mathematically. 
x by ones is employed. 

5. It is not likely (as many have maintained) that the first grade or 
cond grade pupil will be mature enough to master completely and un- 
rstand isolated addition and subtraction facts. Formal work such as 
ill over these arithmetic facts should be discouraged. The observa- 
ons indieate that the initial training in arithmetic should be under 


ken with the use of conerete materials. 

















THE COMPARATIVE WORTH OF TWO DIAGNOSTIC 
TECHNIQUES IN ARITHMETIC 
WILLIAM A, BROWNELL 
AND 


SRANTLEY WATSON! 
Duke University 


DIAGNOSTIC procedures in arithmetic may be roughly grouped into 


two classes: (1) those (called PI in table headings) which require int 
mate contaets with individual children (the personal interview and thx 
ease method), and (2) those (called AT) whieh depend upon the analysis 
of written records of pupils’ performances (test papers, for exampl 
Of the two groups of procedures, the second has been much more popula: 
A tabulation of studies published through the year 1930 and dealing wit 
‘‘pupils’ proeesses’’ and ‘‘ pupils’ difficulties” in arithmetic reveals t 


2 in favor of the second group. This ratio, howevs 


ratio to be about 3: 
is probably very much too low to deseribe the situation with respect 
to practical classroom diagnosis. Here the ratio may mount as high as 
3:1 or even 5:1. 


The greater popularity of the second group of diagnostic procedures 


is easily explained: (1) the skills under investigation can be organized 
into tests which may then be administered by almost any one; (2) re: 
ords ean be obtained from whole classes in the time that would be suffi 
cient for but a single individual interview; (3) the records obtained ar 


permanent; and (4) the papers ean be analyzed at any time, as oppo! 
tunity permits. 

Nevertheless, real as they are, these advantages for diagnosis by th: 
analysis of test papers should be recognized for what they are, name! 
the advantages of convenience. On this account it is not altogether w 
reasonable to inquire whether the ease may be safely allowed to rest upor 
mere convenience. If the faets obtained through the analysis of test 
papers are not to be trusted, there remains little to be said for this t\ 
of diagnostic procedure. 

Those who have tried to study children’s processes more immediate] 
by observing children at work and by questioning them concerning thi 
methods, are quick to eriticize the results seeured by analyzir g papers 
They insist: 1) that the categories arrived at are adult eategories 


deseriptions of the mature mind at work rather than of the ehild’s 


‘The junior author is responsible for all the computations in this report. 
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nd at work; (2) that the method is unreliable, for the reason that but 

w responses can be identified and classified with certainty; and (3) 

it the total pattern of the child’s behavior is artificially broken down, 

d the relationships between the child’s thought processes are lost. The 

lvoeates of the personal interview acknowledge the inconvenience of 

cir diagnostic procedure, but they maintain that procedures less direct 
an theirs are fraught with danger of serious error. 

In their turn, those who favor diagnosis by the analysis of test papers 

‘perience no diffieulty in detecting weaknesses in the personal inter- 

view. (1) The latter procedure is at the best laborious and time-con- 


suming. Consequently it is not likely to be generally employed or to 





eld facts of general application. (2) The method is overly ‘*sub- 
ective,’’—the interviewer has to trust too much to his judgment. (3 
(he interview cannot be standardized. Henee, variation is inevitable 
om Interview to interview, and from interviewer to interviewer. (4) 
Pupils® responses are apt to be distorted. Quite without intent, the inter- 
wer is apt to suggest the answer he wants or to supply cues that unduly 


ffeet children’s reactions. 


PURPOSE AND METHOD OF INVESTIGATION 


The purpose of the investigation summarized in this paper was to 
secure data on the comparative worth of the two kinds of diagnostic pro- 
edure under diseussion. The data to be reported do not warrant a final 
nswer to the question, but at least they represent a beginning on the 

isis of quantitative facts rather than of argument. 

In brief, the method was as follows. Each child was given a copy of 


he test and was asked to write his work and his answers in the ample 


space prov ided for that purpose. Furthermore, he was directed to ‘* think 


it loud’’ as he worked. The interviewer kept another copy of the test 
«fore him and entered the child’s statements, as well as significant items 


( his behavior not reported by the child. The result was two records for 





ch child: (1) a test paper which could later be analyzed in the usual 
anner and (2) an interview report on his processes. The two records 
vere then available for a number of comparisons to be deseribed shortly. 
At this point one limitation of the study must be recognized. In 
assroom diagnosis the interviewer may carry his questions concerning 

e child’s processes to considerable length in order to secure ultimate 
‘xplanations. In this investigation, however, this practice was inadvis- 
ble-—to have pursued the inquiry far beyond the words spoken spon- 
neously by the pupil would have ruined both the interview report and 


e child’s paper as a record of normal behavior. Each subject was there- 
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fore urged to talk openly, honestly, and completely, and that was ter 
The consequence was, it is believed, a typieal test paper, but by no means es 
so typieal an interview report. tis 
The subjects of the investigation were all the children in the fift b 
grades of seven schools in Nashville, Tennessee. Of the 250 subjects pol 
available, usable records were obtained from 245. The seven sehools r m. 
resented a normal sample of the schools in that area. They were ehosi tot. 
from both urban and suburban districts, and from eeonomie eirein ite 
stances of the poorest at one extreme to the best at the other extrem me 
The test used was modified from the Brueckner Diagnostie Test ef 
the Addition of Fractions. As revised, it comprised fifteen examp)| mnt 
which fall into three major types In the first five examples the comm I 
denominator occurs in both the fractions to be added: In Examples -0} dent 
the common denominator oceurs in only one of the fractions: a ct 
Kxample s 10-15 the common denominator must be found. iv 
USED IN THE INVEST (> om 
ADD: iS 
I - i CoO 
2 , } a) 

s 7 5 | 
| 2 rd 
f 
s 7 5 ‘ 
ri) 

2 

( 7 S +e) 10 

2 2 8 ‘ 
2 
SI 
} Ss t t l N 
{ oh 
1 ” ; ; r iW 
1] 12 13 14 Ld 177 

} 7 t) 
Ww 
2 7 , i el 
j 11 | y va 


The interviewers were five in number. In addition to the set 


' . . = . . . al 
author, they were Mrs. Flora M. Gillentine, Miss Myra Hodges, Miss \ | 
einia Howard. and Mr. J. G@. Garrett, graduate students enrolled at t 
time in a course entitled ‘‘Researeh in Arithmetie.” Each interview — 

iy 


observed three interviews given by the senior author, and then himsi 
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14 rviewed three other children under critical observation. None of 


subjects of these preliminary interviews was included in the in- 
stigation proper. 

Before the test was presented to the child, he was given practice in 
porting his processes until it was clear he knew what was expected of 
m. The interviews required approximately twenty minutes each, or 
total of more than seventy hours, distributed over a period of approxi- 
ately two months. All of the children had been instructed from the 
me text and according to the same course of study, and had completed 


e topie, addition of common fractions, not less than two and one-half 








mths or more than three and one-half months before they were tested, 


In all, fifty-five categories of ‘‘faulty procedures” or ** faults’? wer 


dentified. These categories were derived from the interview records, a 
et which constitutes another limitation to the conclusions which may be 


wn If the 


Tt cores had been derived independently both from the inte rviews and 


It 


therefore to take the eategories from either the interview 


Manifestly, a common basis for comparison was needed. 


om the test papers, no such common basis would have been found. 


is necessal 
cords or the test papers, and the former were chosen. 

For the purposes of this report the exact nature of these categories is 
ardly relevant. However, descriptions of the ten commonest faults will 
found in Column 1 of Table I. These ten faults were responsible for 


ighty pereent of the total number identified. 


RESULTS OF GROSS ANALYSES 
In the rest of this article the letters PI will be used to designate the 
rsonal interview and the data obtained thereby, and the letters AT to 
lesignate the analyses of test papers and the corresponding data. 

Some of the more obvious types of comparison are summarized in 
(‘olumns 2 to 5 of Table I. If one compares the frequency with which 
Fault Type Id appeared in the work of the 245 children, the figures ar 
77 for PL and 171 for AT. The discrepaney is far from large. If 
ow one continues his comparison of the two diagnostie procedures to 





clude the other nine commoner faults and the totals for all 55 faults 


gain similarity, rather than marked difference, is the rule. Thus for 
e ten faults, the total frequencies are 3047 as compared with 3037, for 
Pl and AT respectively, and the totals for all 55 faults are 3735 as com- 
ared with 3718. 
Columns 4 and 5 of Table I are based upon the number of pupils who 
sed each given type of fault, regardless of the frequency with which thes 
mploved it. A comparison of the pairs of figures in these two columns 


veals again fairly close agreement. The conelusion seems to he that 
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TABLE I 
NUMBER OF USES AND OF USERS OF TEN COMMONEST FAULTS AS REVEALED B 
PI AND By AT ble 


Total Uses Total User Xan 
ype of Fault . : 


1 2 3 i 
er 
Id Add denominators to secure common denominator 177 171 21 7 . 
in 
I! Used Mm pile ited form to find common denominator Qn 
when latter was already given 91 Os 17 7 I 
Ild Used common denominator unnecessarily large 130 107 134 9 PI al 
IIl¢ Added denominators to secure denominator of the The d 
nswer 141 119 10 


> ‘ 
R ink 
IVa Made computational errors in operating on numera 

tors 78 S2 60 10 P od 


] 


1\ Added numerators without change 277 291 $1 oF scale, 
Vb iI ed to reduce proper fraction O86 gas 105 & 
Vib Failed to reduce improper fraction 509 04 103 
74 
VI I ed t zeu I ke et 83 s 74 _ 
74 
VII Needlessly rewrote example in horizontal form 275 280 20 ‘ 
Total, 10 Faults 3047 5037 667 628 
Tot » Faults i735 i718 940 xs 


PI and AT are about equally effective in identifying the total number 
various faults when as many as P45 pupils are involved.? 


Likewise, there seems to be little to choose between PI and AT whe 


TABLE II 
x NUMBER OF FAULTS PER EXAMPLE, PI vs. AT 
Number of Faults according t ‘| 


PI Al rl 


164 163 
242 232 © 1 
107 1o4 - 
] 20 2°28 n if 
Is 116 
tl 
‘ 180 176 
7 O24 220 di 
s " Ot 
; 284 ral S | | 
192 ISS 
ffe 
2 234 
27 5 er 
{ 316 327 } 
wy a 
Ss 
\ttention has been called to the fact that items such as pupils’ difficulties in ‘ 
s subject mav be classified 1 in terms of the number of times these diffie 
ecur (frequeney) or (2) in terms of the number of individuals who manifest thes gre 
difficulties iniversality For instructional purposes the significance of a high 1 het 
queney for a given kind of difficulty will vary, depending upon whether that 
en is due to repeated errors in the case of a few pupils or to general oecurrer Lyn 
It is of interest therefore to note that frequency and universality of faults cor rye 
, - = . } 
lated .W2 for PI and .87 for AT for the 245 subjects in this study. 
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comparison is made of number of faults per example. According to 
ble IL a total of 163 faults were found in the 245 attempts to solve 
sample 1 when the analysis was made from the interview records, as 
mpared with 164 when the analysis was made from the tests. The 
er pairs of figures in Table IIT are read in similar fashion, and they 
rain reveal agreement. 
Table IIL summarizes a number of other gross comparisons between 
Pi and AT. Here the coefficient of correlation is employed to measure 
e degree of agreement. In some instances r is used, in others, p. The 
Rank Method of computing correlation was used instead of the Pearson 
Product-Moments Method whenever the data revealed wide gaps in the 


scale, and wherever the number of paired cases was small. 


TABLE III 
ORRELATIONS FoR VARIOUS UNITS OF COMPARISON BETWEEN PI 
Scorer Unit of Comparison 
No. examples missed per paper (Scale 
No. faults per paper (Scale = 0-47 
Total No. faults per example (3S 
rotal No. faults per type of fault 


Total No. users per type of fault (Scale 


o. faults per type per paper (S« 


o. examples missed per paper 


o. faults per type (Scale =0-15 r 


N 
N 
No. faults per paper (Scale =0 
N 
N 


o. faults per type per paper (Scale =0-15 r 


The first six coefficients of correlation represent the results of com 
iring 245 pairs of records, when interview records were analyzed by 
ne individual and test papers were analyzed by another. The last four 
oefficients show the degree of correlation between 40 pairs of records, 

en both PI and AT were the work of the same individual, AT being 
ide independently of PI, and some time later. 

The coefficients for Comparisons 1, 2, 3, 7, and possibly & show little 
fference between the results of PL and AT. Here the diagnosis mvolved 
erely the distinction between correct and incorrect computation (Com 

risons 1 and 7) and the total number of faults per paper (Compeari 
ns 2 and 8) and per example (Comparison 3). 

The coefficients for Comparisons 4, 5, 6, 9, and 10 disclose much less 
vreement between the results of the two types of diagnosis. Apparently 
hen one passes from the crude bases either of total examples missed per 
iper or of total faults per paper or per example to a consideration of 
pes of fault as such, it does make a difference whether one proceeds by 


‘lL or by AT. 
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RESULTS OF CLOSER COMPARISON 


The consisteney of diagnosis by PI and by AT is compared in Tal 
IV and V in terms of percentage. Column 4 of Table IV shows that 1 
work for only about three out of ten pupils on the test as a whole was 
analyzed by PI and by AT in exactly the same manner, while eight out 
ten examples were consistently analyzed. These figures are high largely) 
the reason that the percentages include the examples in which no errors 
were made and in which none of the faulty procedures appeared. W 
the comparison was restricted to examples in which errors appeared, 1 
agreement fell to 68.6 pereent. Approximately the same degree of 1 
tionship held for the disposition of the 3735 separate faults. 

For the practical problem of classroom diagnosis it is the figures 68.' 
pereent and 74.4 percent which are significant, for such diagnosis is ev 
eerned with mistakes and with faults which interfere with suecess! 


achievement boot 


TABLE IV 


CONSISTENCY OF ANALYSIS BY PI AND AT pF 
0 in 
I ( I No No. ¢ er Consiste ot 
Involved Analyzed Analy 
2 ‘ n 
Ally 245 72 29.4 ' 
‘ 675 2050 80 ' 
| i 2210 1518 6S. 
N 7 2779 74.4 ” 
The basis of comparison in Table V is the separate examples in 3 
test In the case of Example 1, S4.1 pereent of the 245 comparist r 
were In agreement. That is to say, the same disposition of faults was | 
made both by PI and by AT in the case of 84.1 pereent of the 245 
tempts to solve Example 1. The median for the fifteen examples is 82.1) 
pereent. This figure is again made high by the inclusion of papers whi 
were almost necessarily diagnosed alike because of the absence of errors = 
) or of faulty procedures. On this account, the figures in Column 3 a1 =: 
) important. In the ease of Example 1, PI and AT agreed in elassifying 2 
alike only 52.7 pereent of the fauits when those papers were considered n: 
which the two diagnoses were not exactly alike. The median for t! 0 
fifteen examples is 51.5 percent. Another way of expressing the rel: =a < 
tionship represented in this figure is to say that PI and AT agreed = 
classifying only half of the faults when there was any disagreement at al + 
Another way of checking the consistenes of PI and AT in Classify in S 


faults was to compare random samples of paired interview records an 
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TABLE V 
CONSISTENCY OF PI AND AT IN CLASSIFYING THE FAULTS IN THI 
15 EXAMPLES PER EXAMPLE 
Percent of Papers n Percent Agreement on Exam 


Example Agreement ples Not Wholly in Agreement 
as to Diagnosis 


a) 


10 


> 


l 
12 
13 
14 
l 


Median 


test papers. The two types of record for fifty children constituted the 
rst sample. The number of each kind of fault was determined for each 
ecord independently. In all, the fifty pairs of papers yielded 179 
airs of measures, from which an r of .55 4 was obtained. With 
other random sample of forty pairs of records, which yielded 114 pairs 
measures, r was found to be .42 + .05 when the same scorer analyzed 
e papers by each of the two methods. 
The correlation coefficients reported in Comparisons 4, 5, 6, 9, and 10 
Table IIT and in the foregoing paragraph, as well as the low per- 
ntages in Column 3 of Table V, make it clear that the two diagnostic 
techniques, PI and AT, are not consistent when applied to particular 
pes of fault. It becomes a matter of some importance then to know 
ich of the two procedures is more reliable. 


COMPARATIVE RELIABILITY OF PI AND AT WITH RESPECT 
TO PARTICULAR FAULTS 

Table VI summarizes certain comparisons of PI and AT. In these 
mparisons forty interview records were analyzed twice by the same 
rson, and thirty test papers twice by the same person. The important 
vures are those in Columns 6 and 7, Note that when total papers are 
nsidered, the two diagnoses by PI were 45 percent consistent, by AT, 
() percent consistent; that the corresponding figures were respectively 
4.8 pereent and 67.2 percent when the comparison was restricted to 


camples with faults; that the respective figures were 83.6 percent and 


.¢@ percent when the unit of comparison was the number of faults per 


aper. In every instance PI proved to be noticeably more consistent, 
more reliable. 
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TABLE VI 
PERCENT OF CONSISTENCY BETWEEN THE FIRST AND SECOND ANALYSIS OF TH} 
SAME PAPER BY THE SAME SCORER 


Total Number Involved Number Consistent Percent Consistent 
Unit of Comparison - 
PI Al PI AT PI Al 
l 2 3) 4) (5 (6) ” 
lotal number papers 10 30 is 9 45 f 


Number examples with 
faults 654 518 520 349 7To.8 67 


Number faults SUS 919 751 586 83.6 63.7 


Further measures of the comparative reliability of the two diagnostic 
procedures were obtained by the following correlational studies: 

(1) The same individual analyzed the interview records of 
forty children twice. The coefficients of correlation which resulted 
are listed in Part A of Table VII, Column 3 under the heading 
PI vs. PI. 

(2) The same individual analyzed thirty test papers twice. 
The coefficients for these comparisons are listed in Part A of the 
table, Column 4, AT vs. AT. 

(3) The same forty personal interviews were analyzed inde 
pendently by two different individuals (Part B, Column 3). 

(4) The same forty test papers were analyzed by three dif- 
ferent individuals (x, y, z) (Part B, Column 4). 

It is sufficient to call attention to the coefficients themselves (Tab) 
VII). Regardless of the unit of comparison (examples missed pet 
paper, total faults per paper, total faults per type, and number oi 
faults per type per paper), and regardless of the fact as to whether tli 
two analyses were made by the same or by different individuals, P| 
proved to be more reliable. The differences in reliability are probably 
insignificant for Comparisons 1, 2, 5, and 6, in all of which cases, how 
ever, the kind of diagnosis involved is rather superficial. In the eas: 
of the kinds of diagnosis which are more important for the direction ot 
learning for the individual pupil (Comparisons 3, 4, and 7) the dit 
ference in reliability is marked. In these cases PI is much to be preferre 
to AT. These econelusions, it will be observed, agree with others ar 
nounced earlier in this paper.* 


‘It must be borne in mind that these coefficients as measures of the reliabilit 
of the two procedures are spuriously low because they involve only the corre! 
tion of faults or of examples involving faults. If the examples in which no fault 
appeared had been included in the correlations, the coefficients would have risen « 
siderably. 


T 
taine 
able 


data 








, 1936] TWO DIAGNOSTIC TECHNIQUES 67: 


NI 
ee) 


TABLE VII 


RELIABILITY COEFFICIENTS* FOR PI anp AT 


Method 
er Unit of Comparison - 
PI vs. PI AT vs. AT 
(2) (3) (4) 
(1) Examples missed per paper .93 + .02 91 + .03 
A: (2) Total faults per paper. .92 + .02 85 + .03 
x 
(3) Total No. faults per type (p).78 + .05 (p).59 + .08 
4) No. faults per type per paper 83 + .02 73 + .03 
5) Examples missed per paper .94 + .02 89 + .04 
B 
s.¥ 6) Total faults per paper 87 + .04 83 + .04 
, 
, ? > ' Ro s x vs. y .32 05 
7) No. faults per type per paper ° .68 + .05 Ae, By 04 


* 


r, unless otherwise indicated. 


Table VIII contains a summary of all the correlational data ob- 
tained. The reader who has pursued the inquiry thus far should be 
able to interpret the table without explanation. Column 5 repeats the 


data from Table ITI. 


TABLE VIII 
SUMMARY OF THE CORRELATIONAL DATA“ 


Method of Comparing 


Scorer Unit of Comparison PI vs. PI ; AT va, AT P PI vs. AT 
l ) : 5) 
1) No examples missed per ? , ? 

paper 93 + .02 91 + .03 89 + .02 

2) No. faults per paper 92 + .02 85 + .03 81 + .04 

, 3) No. faults per type (o) .78 + .05 p) .59 + .08 55 + .09 

4) No. faults per type per paper .83 + .02 73 + .03 12 + .05 

5) No. examples missed per 

paper o4 + 02 RO + O4 R7 + on2 

(6) No. faults per paper 87 + .04 83 + .04 87 + .002 

~~ 7) No. faults per type p).71 + .05 

: 8) No. faults per type per paper 68 + .05 S = 4 a , o 55 + .04 

9) Total No. users per type of 
fault yp) .69 + .04 
10) Total No. faults per example po) .98 + .O1 


*r, unless otherwise indicated 


COMPARATIVE VALIDITY OF PI AND AT 
Since reliability contributes directly to validity, the greater reliabil- 
'y of PI argues for its greater validity in the detailed diagnosis of 


—— 
< 





_— ee 
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faulty procedures. This reason is statistical in character. There js In 
another type of evidence which may, or may not, be more convincing der 
namely, the nature of the records used in PI and in AT. eal 
Below are given three samples of the two kinds of reeord. The uy n 
certainties of ¢lassifving the faults procedures from the test paper | sib 
apparent. Without the notes on what the ehild was thinking, the ident there 
fication of the faults here illustrated becomes little more than euess let 
work,—even when, as may or may not happen, peculiar faults appx la 
several times in the same paper. Again, from the standpoint of remed W 
instruetion the information to be had from the interview would appeai sienif 
to be more valuable than that gained from the test paper alone. om 
hin 
(‘. 
SAMPLES OF RECORDS 
/) 
Examole Punpil's Work Interview Record 
f 
} } d 
) 5 
2 2 “When you add fractions, you change 
5 A) ad. 
5 5 numbers around, so vou write instead of 
t 
5 for the answer.” 
t) 
, 
nel 
] l 
| s i? 
5 5 Last step s won t yo into o, So vou dl ti 
» al 
sS Ss 6 into 8, and that leaves over , 
~ 
t 2 
] | 
~ ~ ! 
a | 
ti 
i j 
8 8 i 
ate bye 
} 3 Last step lake away & from 10. 17 
leaves 2, and vou write the 1 you got over the» 
i } 0 
10 l 
. ‘ 
. Ss Di 
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In this connection it should be repeated again that PI was placed 
der a severe handicap by the conditions of the study. Much mor 
ealing evidence of the nature of these pupils’ difficulties would have 
en secured had it been possible to press the questioning as far as is 
sible in ordinary classroom diagnosis. Nevertheless, even in this study 
re were collected many illuminating examples of pupil difficulties, 
ficulties open only to the intimate'relations of the interview, in which 
language of the child’s thought is open to observation.‘ 

What facts obtainable by AT could possibly provide the teacher as 
sivnifieant instructional clues as do the following illustrations chosen 
om interview records? In each case a child was describing his processes 


finding a common denominator. 


a. ‘*4 is the common denominator because 4+ will go into 8 and 12.”’ 
h. **18 is in 6 tables 3 times, and in 9 tables 2 times.’’ 

¢«. **Find something to go into both.’ 

d. **T times ’em.”’ 


‘IT multiplied them together when I couldn't think.” 

(For % and 45) ‘‘ Ain’t no number will exactly divide 6 and 5.”’ 
yg. (For % and *,) ‘*Two is contained exactly into 4, and you drop 

the 2 out.”’ 


CONCLUSIONS 


The degree to which the conclusions drawn from this study are of 
eneral application is limited in at least four ways: 

(1) The investigation was restricted to but a single function, 
and that a very narrow one, namely, the addition of proper frac 
tions. It may be that had the skills covered by the test included 
a wider area of arithmetical computation, different results would 
have been obtained. 

2) PI was used under unfavorable cireumstances,—necessarily 
so because of the nature of the investigation. Nevertheless, since 
the showing for PI is superior to that for AT except in the more 
superficial types of diagnosis, it may be inferred that the advan- 
tage for PI is actually larger than that found in this study. 

(3) The eategories for the comparisons were derived from 
interviews. Some of the categories found by PI would not hav 
heen detected at all by AT. 

4) All comparisons involved 245 children, or random selections 
of that number. On this account the findings are of the kind 


‘In this connection see also: Burge, Lofton V. ‘‘ Interview Technique as a Means 
Diagnosing,’’ Journal of Educational Research, XXVIL (February, 1954), pp. 
£29. 
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which are sought through classroom diagnosis. If the number of 

children in particular classes, numbering 20 to 36, had been used, 

the differences between PI and AT would probably have varied 
from these reported. 

Within the limitations noted, the conclusions seem to be justified 
that PI and AT are equally satisfactory only for the grosser types of 
diagnosis (total examples missed, total number of faults detected, total 
number of faults of particular types). For these types of diagnosis AT 
is to be preferred because of its convenience-values. When, however, 


diagnosis is that of the processes and difficulties of individual childre: 
PI is both more reliable and more valid. 


PRA} 


From 
Grad 
schoo 
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lated 





fRANSFER OF KNOWLEDGE OF MULTIPLICATION FACTS TO 
THEIR USE IN LONG DIVISION 
Foster E. GROSSNICKLE 
State Teachers College, Jersey City, N. J. 

IN a previous study by the writer,’ it was found that errors of com- 
hinations had the greatest frequency of any type of error made in long 
division when the divisor is a one-figure number. In this same study, it 
was shown that many errors in division were caused by lapses in attention. 





From an observation of many errors on the test papers from students in 
(Girades V-XV, inclusive, (Grades XII, XIV, and XV are in normal 
school), the writer concluded that frequent incorrect products in multi- 
plication resulted from the fact that multiplication was used in division. 
In other words, if a response had been made to a multiplication fact iso- 
lated from the division process, the pupil would have been able to give the 
correet product. However, if the same fact occurred in the division pro- 


cess, there was a possibility of an incorrect product being given to the mul- 





tipheation faet. This hypothesis ean be substantiated by an illustration, 


38 . In the given illustration, the pupil estimated the number of 7’s 
35 
n 38 and very probably 5 was the estimated figure because the product 
of 7 and 5 was written in the partial dividend. 


However, due to a 
temporary lapse the wrong factor of the product was written in the quo- 
tient. A multiplication error resulted because the produet of divisor 
nd quotient did not equal the partial product. It is almost certain 
that a multiplication error for the combination, 7 x 5, would not have 


esulted if the facet had been isolated from division. As a result, one 


can never be sure of complete transfer of ability to give the multipliea- 
tion products when the facts are isolated to the ability to use the same 
tacts in long-division. 





Knight challenged the idea of ready transfer of ability to multiply 
multiplication to ability to multiply in long-division. 


“7rossnickle, Foster E. ‘‘ Errors and Questionable Habits of Work in Long 


vision with a One-Figure Divisor,’’ Journal of Educational Research, XXIX 
January, 1936), pp. 355-368. 
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‘In multiplication, the drift of the numbers the child writes is to 
the left; in division it is to the right 

In multiplication, the multiplying is an uninterrupted process; 
division, multiplication is sandwiched in between quotient estimati: 
subtraction, and bringing down of figures from the dividend. The muit 
plier in multiplication is present from the beginning; in division thy 
pupil writes the digits of his multiplier as he goes along. The habits 
built up in multiplication, as multiplication, are enough to earry mult 
plication in division, only when considerable adaptability ean be as 
sumed in the learner.’” 

To sce the amount of transfer between ability to respond to the multi 


plieation facts when isolated and ability to use the facets in long-divisioy 


two separate tests were given to 1075 students in Grades V-XV, inelusiv 
The first test consisted of the 50 multiplication facts, arranged in a 
insequential order, which are used in the division test as reported in 

previous study. The multiplication facets were written in the equat 

form. The test was divided into halves. The second half consisted of 
the same facts as in the first half, but the arrangement of the facets o1 
the second part was reversed from that on the first part. The student 
was instructed to write the products in the first half of the test befor 
he began the second half. Each fact was given twice to determine if a) 


incorrect response was due to chance or to a faulty knowledge of 1 
fact If a fact was missed twice, the resulting error was assumed to } — 
consistent and not due to ehance. Although each facet should hav diy 
occurred at least three times on the test,‘ it was not feasible from tly Kn 
administrative standpoint to include each fact more than twice. W! the 
the student had finished the multiplication test, he solved the divis 


test already cited... With the exception of a few cases in Grades XI\ 
and XV, none of the subjects had taken the division test before. T 
multiplieation test was new to all of the subjects tested. 

When the errors were studied in the division test, only errors 
multiplication were recorded. The relationship between the errors 
multiplication on the multiplication test and the errors of multiplic 


tion on the division test is shown in Table I. It must be remembe 


Knight, F. B. ‘*Some Consideration of Method,’’ Twenty-Ninth Yearboo! 

National Society for the Study of Education Bloomington, Lllinois: P 
chool Publishing Co., 1930), p. 173. 

Grossnickle, Foster E. ‘* Reliability of Diagnosis of Certain Types of Errors 
song Division with a One Fign re Divisor,’’ Journal of Ff rpe mental Education, | 
September, 1955), pp. 7-16. 

‘Brueckner, Leo J., and Ewell, Mary. ‘*‘ Reliability of Diagnosis of Err 
Multiplication of Fractions,’’ Journal of Educational Research, XXVI (Novem! 
1952), p. 1 
Grossnickle, Foster E. Jbid. 


aS 
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it an error as reported in the following tables refers to an error of 
itiplieation. 
Table I shows some very startling facts about transfer of ability to 
itiply in multiplication to the use of multiplication in division. Items 
3, 4, and 5 are very significant from the standpoint of reliability of 
agnosis. In Item 2, there were 68 examples in multiplication which 
ere missed twice, but only 9 of those were used incorrectly in division. 
Item 3 shows that 76 facts were missed two or more times in division, but 
there were only 7 of these which were missed in multiplication. Further- 
more, from this group of 76 facts in division, two of them in Grade XI 
were used incorrectly 5 times each, but in the multiplication test these 
facts were given correctly both times. When the student gave an in- 
correct response twice to a multiplication fact in multiplication and then 
ised it correctly in division, there were two possible reasons for this 
phenomenon. First, a facet must occur more than twice on a test before 
eliable results may be obtained concerning a pupil’s knowledge of the 
vet. Seeond, a pupil’s knowledge of a fact is not constant at all periods 
‘consciousness, There was a lapse of a few minutes between the time 


the pupil responded to the multiplication facts and the time he used the 


facts in division. During the interval a new association may have been 
made whieh enabled him to give the correct product to a fact used in 
division even though the same fact was missed twice in multiplication. 
Knight and Ford® found that a pupil’s ability to multiply wavered in 
the same example. 

The most striking data are given in Items 12, 13, and 14. Item 12 
shows that there were 371 incorrect responses to the significant multi- 
plication facets (those not ineluding zero). Item 13 shows that there 
were 764 incorrect multiplication facts given in the division test. The 
latter number is more than twice the amount of the former. Including 
duplieations, there were 1135 incorrect responses given to multiplica- 
tion facets in the two tests. Naturally, one should predict that a large 
percentage of those errors would be duplicates. However, Item 14 shows 
that such an assumption is fallacious. From that group of 1135 errors 
there were only 22 which were common to both. Then, there were less 
than two percent of the total number of errors which were common to both 
proeesses, 

Since there were so many more errors of multiplication in division 
than in multiplication, one may infer that when the pupil has difficulty 


*Knight, F. B., and Ford, E. ‘‘Temporary Lapses in Ability and Error in 
\rithmetic,’’?’ Elementary School Journal, XXXII (October, 1931), pp. 111-24. 
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th multiplication in division, the remedial work to be applied should 
t consist of multiplication per se. The pupil should be given division 
amples with emphasis placed on the multiplication process. The multi- 
ication involved in division is a specialized ability and not a general- 
ed reaction to a multiplieation fact. 

The results of the responses to the significant facts show that a re- 
able diagnosis could not be made concerning a pupil’s knowledge of 
e facts under the conditions described in this study. If it is true that 
pses vary during different time intervals, the reliability of the diag- 

nosis will be dependent upon the particular ‘‘mind set’’ of the indi- 
vidual at the time the responses to the facts are made- 

The results from the test in the multiplication facts and from the 
test in division which used the former facts soon pointed to the con- 
lusion that the zero facts in both multiplication and division should 
be treated separately from the other significant facts. There were four 
irs of zero facts on the multiplication test. They were: 2x 0; 4x 0; 
»x 0: and6x0. Thus, there was a possibility of eight errors in which 
ero was a factor of the product. In the division test, zero was found 
n three different positions in the quotient. They were: (1) final in 
the quotient only; (2) final in both dividend and quotient; and (3) not 
final in the quotient only. There were three examples in which zero was 
inal in the quotient only. 

In the test already cited,’ the examples were numbered hi, 7, and 7 in 
vhich zero was final in the quotient only. Example O contained zero 
final in both dividend and quotient and Example m contained zero not 
final in the quotient only. Therefore, it was possible for a zero error 
n the quotient to occur five times on the test. 

The results of the responses to the significant facts show that a re- 
liable diagnosis could not be made concerning a pupil’s knowledge of 
he facts under the conditions deseribed in this study. This situation is 
ot true for the zero facts as ean be determined from Table IT. 

Table I showed that most of the incorrect responses to a multiplicea- 
tion faet were sporadie and due to chance. However, this same situa- 
tion is not true for the zero faets as can be seen from Table IT. Items 
| and 2 in the latter table show that if the incorrect product was given 
to one of the eight multiplication facts involving zero, 111 out of 115 
ises all eight examples were incorrect. When zero was multiplied by 

number, the ineorreet answer always given was the number itself, as 


Grossnickle, Foster FE. Thid. 
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0 =2. Since the zero-errors were consistent in over 96 percent of 
eases, one multiplication fact involving zero constitutes a valid basis 
which reliable diagnosis may be made concerning a pupil’s knowl- 
edge of the zero facts in multiplication. It must be remembered that 
ero may be multiplied by a number, but it is never necessary to multi- 
y a number by zero.® 
Items 3, 4, 5, and 6 in Table II pertained to the zero difficulties en- 
sintered in long-division when the divisor was a one-figure number. 
In each correct quotient involving zero, the latter symbol was omitted. 
items 3 and 6 are significant because they show the consistency with 
whieh a zero-error was made on the three examples that contained a 
final zero in the quotient only. In 113 out of 120 cases, or over 94 per- 
ent of the total, if one of the final zeros in the quotient was omitted, 
the other two likewise were omitted. Item 4 shows the number of cases 
in which zero in the quotient was omitted when zero was final in both 
ividend and quotient. Item 5 represents the number of omissions 
which zero was not final in the quotient only. From these data it is 
readily seen that when zero was final in the quotient only as in the ex- 
mple 2)461 , the most difficult zero type possible in division was en- 
countered. Furthermore, if a pupil could solve an example in which 
ero was final in the quotient only, he was able to deal with all other 
‘ases in which zero occurred in the quotient. There was not one case 
f zero omissions from the quotient in which zero was final in both divi- 
lend and quotient, or not final in the quotient only, that did not have 
missions in the type where zero was final in the quotient only. Items 
+ and 5 show that the converse of this statement was not true. There- 
fore, for purposes of reliable diagnosis, one example in which zero is 
final in the quotient only is sufficient to determine if a pupil can deal with 
ero in long-division. 
Item 7 is significant because it shows the degree to which zero facts 
multiplication were common to division. There were 115 papers in 
iich the zero facts were missed in multiplication. In division there 
ere 120 papers in which zero was omitted from the quotient. From 
ese two groups of zero errors, there were only 12 which were com- 
ion to both. Henee, ability to use zero in multiplication is not indiea 


tive of ability to use it in division or vice versa. 


SUMMARY 
This study was made to see if ability to give the correct products to 


e multiplication facts would transfer to the use of these facts in long 


‘Grossnickle, Foster E. ‘‘Still More Ado about Zero,’’ Elementary School 
nal, XXXIIT (January, 1935), pp. 358-64 
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division when the divisor is a one-figure number. A test containing 50 
multiplication facets was administered to 1075 pupils in Grades V-XV\, 
inclusive. Then a test in long division was given which used these same 
multiplication facts. All ineorrect products given in both tests were 
analyzed to see if an error occurring on one test would be found on the 
other. The following results were obtained : 

1. There were over twice as many ineorrect products given 

to the significant facts in the division test as were given to the same 

facts in the multiplication test. 

2. From the total incorrect products to the significant facts 
given on both tests, only about two percent were common to both 
tests. 

3. A pupil’s knowledge of a multiplication fact was not con- 
stant at all times. 

4. For diagnostic purposes, one multiplication fact involving 
zero gave a reliable basis to determine if the zero facts were known 
in this process. 

5. For diagnostic purposes, one division fact on which zero 
was final in the quotient only was sufficient to give a reliable basis 
to determine if the zero facts were known in division, 

6. If a pupil did not know the zero facts in multiplication 
this was not indicative that he did not know how to use zero in 
division and viee versa. 

7. There is only partial ability to transfer a knowledge of the 
multiplication facts to their usage in the long-division process. 


CONCLUSION 

This study showed that most multiplication errors of significant com 
binations in the division process were sporadic and due to chance. Hovw 
ever, the errors to the facts in both multiplication and division we 
constant in about 95 pereent of the eases. Furthermore, these latt 
errors were distributed throughout all of the grades sampled. Sine 
the zero types were almost constant, these facts should be taught at 
vrade or mental level at which a pupil can profit by generalizations 
When the pupil learns that 2 x 0 = 0, he should be able to profit from : 
generalization about zero facts in multiplication. Likewise, when thi 
pupil learns that the quotient for 461 + 2 is 230 and 1 remaining, ly 
should have attained a mental level to profit from the generalizatio 
about the function of zero as a place-holder in the quotient. 

It was seen that there were very few errors of combinations in mult 
plication that were found in multiplication in division. Moreove: 
there were over twice as many errors of multiplication in division 
there were when the multiplication facts were isolated. The implic: 
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n is that division is an integrated process composed of many particular 
ilities. Then, when a pupil needs practice on the multiplication facts 
division, this practice should be given in division and not in multipliea- 


m per se. In order to develop the ability to use the basic facts in long- 


vision, more emphasis should be given to synthesis of the component 


ctors involved and less to analysis of skills isolated from the unified 
ocess, 








THE LEARNING OF DECIMALS IN AN ARITHMETIC 
ACTIVITY PROGRAM 
HENRY HARAP 
Western Reserve University 
AND 
CHARLOTTE E, MAPEsS 
Milford School, Cleveland, Ohio 
In an earlier paper we reported the results of the first year of our 
experiment! in which we wished to ascertain the degree to which the 
fundamentals were learned in an arithmetic activity program. The first 
study was limited to common fractions. Our present investigation in- 
volving the same group of children is coneerned with decimals which 
subject is commonly learned in Grade VI. 


THE CLASS AND ITS RESOURCES 


The experimental class was an ordinary group of 39 pupils in a typica! 
metropolitan school in Cleveland. The classroom had practically no 
permanent learning equipment and supplies except movable desks. Ma- 
terials required by the units were improvised and assembled when they 
became necessary. The intelligence quotient of the pupils on the Na- 
tional Intelligence Tests ranged from 92 to 135, the average being 112.5. 
The fact that this class was above average did not account for our re 
sults. When we divided the elass into an upper half, having an average 
intelligence quotient of 121, and a lower half, having an average intelli 
gence quotient of 104, we found that the two halves accomplished exactly 
the same degree of mastery on the twenty-seven processes. We do have 
to admit, however, that the elass enjoyed experienced, superior teaching. 


THE FUNCTIONAL ARITHMETIC COURSE 
The activities which made up the sixth grade course were selected 
because they were rich in the applieation of decimals?) Each unit was 


‘Harap, H., and Mapes, C. E. ‘* The Learning of Fundamentals in an Arithmet 
Activity Program,’’ Elementary School Journal, XXXIV (March, 1934), pp. 515-525 
This paper gives a more complete aceount of.the procedure and treatment of dat: 
than the present paper. 

*The complete course giving the proeedure and the arithmetical computation- 
may be secured in two mimeographed bulletins from the Currieulum Laboratory 
Western Reserve University, Cleveland, Ohio. The first bulletin is entitled ‘* Making 
Household Preparations’’ and costs fifteen cents. The second bulletin is entitl 
**Eight Activity Units in Decimals’? and costs twenty cents. 
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ised on a meaningful situation in the child’s experience in school and 
n daily life. The experiences were real and varied, including keeping 
ccounts, making talks to classes, comparing evaporated with whole milk, 
making graphs, selecting a recipe, making cocoa, sampling tooth powders, 
valeulating relative costs, selling glaced apples, figuring profits, and so on. 
in order to provide a maximum amount of pupil participation the class 
was divided into about six production groups whenever the product 
was prepared in bulk. While most of the units were anticipated by the 
teacher, they were taken up willingly by the pupils because they were 
related to situations which were meaningful and natural to the pupils. 
The children were given an opportunity to communicate and associate 
freely as the need arose. They were given abundant opportunities for 
self-expression and critical judgment. Every unit had its logical and 
natural close. Much of the time ordinarily devoted to drill and prob- 
lem solving was devoted to construction, manipulation, and other ae- 
tivities. Actually, therefore, much less than the customary allotment of 
time was used in computations. 

The thirteen units which comprised the work of the year included 
the following: (1) School Banking, (2) Keeping Spelling Records, (5) 
The Community Fund, (4) Using Milk, (5) Making Tooth Powder, 

6) The School Fund, (7) Making Furniture Polish, (8) Making Ink, 
9) Making Hand Lotion, (10) Making Paste, (11) Making Glaeéd 
Apples, (12) Making Presents for Mother, and (3) Making a Garden. 
Most of these units were never taught before. Four of the units were 
hased on school activities and records. Five units involved the pro- 
duction of useful commodities commonly bought in stores. These are of 
an experimental nature in the field of consumer education as well as 
in the field of arithmetic. The pupils acquired much practical and tech- 
nieal knowledge and skill. 

New arithmetical steps did not occur in the order of diffieulty. Each 
new difficulty was taken up when it arose, the explanation lasting a few 
minutes. No practice sheets nor any other supplementary exercises were 
used. No tests were given other than the initial and final tests. Thus, 
the repetition of the twenty-seven processes was limited exclusively to 
their natural occurrence in the units of work. All the work of the pupils 
was kept in a notebook, the latter being a complete and exact record of 
all the computations of the pupils. No textbook nor any other printed 
material was used in the experimental course. 

To illustrate, we give here a brief outline of the unit entitled, Waking 
Furniture Polish. Asa part of the work relief program the school build- 
ing was being painted. Stimulated by this, the class decided to make 
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furniture polish for use in the classroom and in the home. The recipe addit 
for one quart was brought in by the teacher. Thirty-seven pupils wished nd f 
to take four ounce samples which would require 148 ounces or 9.25 pints. ne 
Sinee the recipe vielded 32.75 ounces, it was necessary to increase the ment 
recipe 4.51 times. The ingredients included: denatured alcohol, boiled This 
linseed oil, raw linseed oil, benzine, turpentine, and cider vinegar. The last 1 
exact amount of each ingredient was determined and converted into only 
pints and quarts, since they would have to be bought in these measures. nes 
The cost of each ingredient was computed and when the total cost was comy 
added, it amounted to $1.05. To make four ounces, it would cost $0.28. 
The class was divided into six groups, each group having a chairman 1 
and six members. Each group worked at a table on which there were 
two measuring cups, a large jar in which the ingredients were mixed, — 
four bottles containing boiled linseed oil, raw linseed oil, turpentine, = 
and cider vinegar. The benzine and aleohol were dispensed from larg: pines 
containers by the teacher as each group was ready for them. One vat: 
pupil read the recipe from his notebook; two pupils measured; two a 
pupils checked the measurements; and the remaining two pupils mixed an 
the ingredients. After the contents were thoroughly mixed, each group = 
tried the polish on some piece of furniture in the room. Finally each ie 
| pupil filled a four ounce bottle for himself. The price of the classroom wet 
produet was compared with that of six common commercial preparations. = 
| It was found that with the exception of one chain store product none psd 
| was less than three times as costly. mnie 
) RECORDING THE DATA —— 
The basie list of twenty-seven steps in decimals which we used for our ple 
records was based on the analysis of the Cleveland curriculum center wh 
for arithmetic. With the aid of this we kept a daily record of the wee 
order in which each step occurred and the number of times each step wk 


was repeated. Thus we knew the exact sequence and the number of 
repetitions of each step for every unit and for the course as a whole ai 

The list of fundamental steps formed the basis of the initial and 
final tests containing twenty-seven items of three exercises each. The 
two forms actually used were designed by the arithmetic eurrieulum 
center and were widely used in the city schools. This test was also given 
to a control group for purposes of comparison. We also repeated the 
tests on common fractions given a year ago in order to discover the 
permanent effects of our experiment. The criterion of mastery was 
the same as that used in the loeal schools and consisted of at least 
two eorrect answers on the three exercises involving a given step. In 
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idition to the test on the basic steps, the pupils were given an initial 


‘ip 

hed d final test in problems applying the basic steps. As a further check 
nts our results the experimental group was given a test on mixed funda- 
the entals consisting of 72 exercises covering common and deeimal fractions. 


(his was an excellent appraisal of two years of experimentation. The 
st two tests were more rigorous tests of mastery since correct answers 
only entered into the final score. The units were recorded in detail, 
e actual development of the learning experiences and the arithmetical 


omputations as they arose being shown. 


THE DATA 

















Were the basic steps in decimals learned? As measured by the final 
test the pupils attained a mastery of 96 percent of the twenty-seven 
hasie processes. Twenty pupils mastered all the steps; nine pupils mas 
tered 26 steps; four pupils mastered 25 steps; and four pupils mastered 
“4 steps. No pupil mastered less than twenty steps. The data are 
shown in Table T. The supplementary test of problems applying processes 
confirmed the results of the basie test, the pupils making a composite 
score of 94 pereent of correct answers. Since many of the basie steps 
vere known by the pupils at the outset of the course we were interested 
to determine what gain the pupils had made over their initial attain 
ment. In addition of decimals, the pupils increased their initial mastery 
of 54 pereent to 99 percent at the end of the vear; in subtraction of 
decimals the pupils attained a final mastery of 98 percent over an initial 
nowledge of 43 percent; in multiplication of decimals the final master) 
vas 98 percent over an initial knowledge of 35 percent. The most com 
plete and eonclusive gain is shown in the ease of division of decimals 
where the initial knowledge was one percent as compared with a final 
mastery of 93 pereent. The test on mixed fundamentals, consisting of 
seventy-two items completely covering fractions and decimals bore out 


the evidence already presented. Out of a possible average of 72 correct 
inswers, the class attained a score of 64.7 or an average of 90 percent 


ecuracy. 


How did the experimental group compare with the control group? 

‘or purposes of comparison, the initial and final tests on fundamentals 
vere given to a conventional elass taught by an experienced teacher with 
a good record. Although we had test data for 31 pupils in the control 
croup we could match only twelve pairs because of lack of intelligence 
records and beeause of lack of equivalent pairs. The data in the follow- 


ng table show that the experimental group mastered an average of 
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TABLE I 
DISTRIBUTION OF PUPILS ACCORDING TO NUMBER OF ARITHMETICAL STEPS MASTER) 
IN ARITHMETIC ACTIVITY CLASS IN GRADE VI 


Pupils Mastering Steps 
NR 





Number of Steps Percentage of Steps — 

Mastered Mastered Number Percent 
27 (all) 100% 20 51.2 

26 06 9 23.0 

25 92.5 4 10.3 

24 88.58 4 10.3 

23 S85 1 2.6 

20 74 l 2.6 
Total 39 100.0 


26.2 processes or 97 percent of the total, as compared with a mastery of 
18.2 processes or 67 percent of the total for the control group. Wi 
concluded that the experimental group did better than the contro! 
group. 


TABLE II 
COMPARISON OF EXPERIMENTAL AND CoNnTROL Group 


Pupils Number of Steps Mastered 
Experimental Control Experimental Control 

1. Wa 121 Os 121 27 25 
2. Gr 113 Fo 113 wa 25 
3 Po 110 cl 110 27 27 
4 Ae 118 Ho 118 26 a4 
5 Pr 100 Ri 101 a4 17 
6. Ho 99 Fi 100 26 12 
7. Bo 98 Ke oO 27 17 
8. Da 05 Pa 43 27 14 
9. Ba Jo 92 27 10 
10 St a2 Mi 1 26 22 
11. Se “2 Sw 91 26 23 
12 Bo 2 Fi 91 27 22 

Average number of steps mastered 26.2 18.2 
Percent of steps mastered 97 67 


What evidence is there of the lasting value of the experimental pro- 
gram? We are able to report here the results of the same test on th: 
fundamentals of fractions given three months later, six months later. 
and one year after the completion of our first experiment. The follow 
ing table shows a slight change over the summer vacation followed by 
progressive gains and culminating in a final achievement of about 97 
pereent. This is the result of cumulative incidental learning, although 
the work of the year was not devoted to the subject of fractions. 








[aus 
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TABLE III 


RESULTS OF RETESTING THE EXPERIMENTAL GROUP ON THE FUNDAMENTALS 
OF FRACTIONS AT LATER INTERVALS 


Number of Pupils Time of Test Percent Mastery 

Multiplication 

37 June, 1933 79.0 

26 September, 1933 82.7 

32 January. 1934 84.7 

35 June, 1934 97.8 
Division 

37 June, 1933 83.0 

27 September, 1933 78.6 

30 January, 1934 86.1 

35 June, 1934 96.1 


TABLE IV 
ORDER IN WHICH STEPS OCCURRED IN THIRTEEN ARITHMETIC Activity UNITS 
IN A SIXTH-GRADE CLASS 


Steps Included Order of Occurrence of Steps 


I II It IV VV VI Vil VIE IX X XI XII XIII 
Add dee. frac. to hundredths, Sum equal 
toless than a unit 
Add dec. fractions to hund. Sum an integer 
or dee. mixed number. 11 13 7 
;. Add integers, dec. frac. and dec. mixed no. 
to hundredths 2 14 
Add integers, dec. frac. and dec. mixed no. 
to thousandths ; 7 
Add integers, dec. frac. and dec. mixed no. 
to ten thousandths 6 6 
Sub. dee. frac. and dec. mixed number to 
hundredths no empty spaces in dec. frac. 13 7 9 3 
7. Sub. dee. frac. expressed in hundredths zero 
in tenth’s place, in difference 10 8 13 12 
Sub. integer from dec. mixed no. dec. frac. 
expressed in tenths or hundredths 11 4 
Sub. a dee. frac. or dec. mixed number from 
an integer; dec. frac. expressed in tenths or 
hundredths 14 2 10 2 4 
10. Sub. dee. frac. or dec. mixed no. to thousand- 
ths, dec. frac. in minuend, expressed with t 
same or fewer numbers of places than dec. 
frac. in subtrahend i) 4 8 7 10 7 
Sub. dee. frac. or dec. mixed no. to ten-thou- 
sandths 15 12 
Mult. tenths, hundredths and thous. by in- 
teger and vice-versa 
Mult. dee. mixed no. by integer and vice-versa 5 2 1 5 3. (Oi 8 
Mult. dec. frac. or dec. mixed no. dec. points 
appearing in both multiplicand and multi- 
plier product not requiring the prefixing of 
zeros 15 4 4 2 2 5 
Mult. dee. frac. by dec. frac. Product re- 
quiring the prefixing of zeros 
. Mult. using aliquot parts of a dollar 11 
7. Mult. any no. by 10,000, 1000 by moving the 
dee. point 1 
18. Div. a dec. frac. or mixed no. by an integer. . 
U.S. money 8 3 : 
19. Div. a dee. frac. by integer, zeros follow the 
dee. point in quotient 7 
20. Div. dee. frac. or a dec. mixed no. by integer 
when it is necessary to annex one or more 
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zeros to make quo. come out even 6 17 1 3 4 
‘1. Div. a dee. frac. or a dec. mixed no. by an ; 
integer when quo. ends in circulating dec. § 12 5 3 2 10 8 9 6 4 
22. Div. dee. or dee. mixed no. by a dec. frac 10 «14 1) 15 
}. Div. a dec. frac. or a dec. mixed no. by a dec. . 
mixed number 9 4 6 5 8 9 9 
. Div. an integer by a dec. frac. or a dec. mixed 
number 3 19 3 7 4 8 
5. Changing a com. frac. to a dec. frac... 3 ) 4 7 1 It 1 
Div. an integer by a larger integer 4 1 18 2 13 10 7 3 


. Div. an integer, a dec. frac. or a mixed no. 
by 10,100 or 1000 by moving the dee. point 12 
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Were the steps learned in sequence? It is obvious from an inspection 
of Table IV that the processes were not learned in order of difficulty. 
In no unit was there any approach to an orderly learning sequence of 
the steps in decimal fractions. Yet this did not seem to affect the mas. 
tery of these steps. 


Was there any relation between the number of repetitions of a step 
and the degree of mastery of the step? We wished to know whether those 
steps which occurred only a few times were well learned. If not, we 
should have been obliged to introduce supplementary drills. We found 
that the number of repetitions had nothing to do with the degree of mas- 
tery of a step. Table V shows this quite plainly. Step 26 occurred 116 
times in the work of the year but the degree of mastery did not exceed 
that of six steps which oceurred less than seven times. Step 16 which 
occurred only once in the entire year was mastered as well as step 26 
which oecurred 116 times. 


TABLE V 


DECIMAL FRACTIONS 
RELATION BETWEEN NUMBER OF REPETITIONS AND MASTERY OF STEPS 


Step Number of Percentage Step Number of Percentage 
Number Repetitions of Mastery Number Repetitions of Mastery 
26 116 94.7 19 25 94.7 

25 71 100 23 23 82 
4 68 100 7 20 97 
12 65 100 24 20 76.8 
21 61 a7 9 18 97 

3 61 97 il 1s 97 

1 41 100 22 17 07 
15 10 100 4 6 97 
10 36 97 5 4 100 
6 32 100 s 4 97 
20 32 a7 27 3 04.7 
Is 31 100 17 2 94.7 
2 30 100 16 1 94.7 
13 25 100 


SUMMARY 

1. In our program of thirteen units based on real situations incor 
porating the fundamentals of decimals, the pupils attained a mastery of 
96 percent of the twenty-seven basie processes. 

2. The learning of processes in the order of their appearance in thy 
units did not hinder the mastery of the processes. 

3. The processes which oceurred only a few times were learned as 
well as those which occurred many times. 

4. The experimental group achieved a mastery of 96 percent as com 
pared with a mastery of 67 percent for the control group. 

5. Retesting the group in fractions after an interval of a year yielded « 
mastery of 97 percent over an attainment of about 81 percent a year ago 


fay, 
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6. On a test of mixed fundamentals covering fractions and decimals 
ie experimental group achieved 90 percent accuracy. 
7. Finally, our data seem to justify further experimentation of 





earning arithmetic in socially real situations or units. 











THE VALUES, LIMITATIONS, AND APPLICATIONS OF THE 
FINDINGS OF THE COMMITTEE OF SEVEN 
CARLETON WASHBURNE 
Chairman of the Committee* 

RECENTLY the chairman of the Committee of Seven received a letter 
from one of the editors of the Journal of Educational Research, begin- 
ning: ‘‘City after city is making radical shifts in the curriculum in 
arithmetic, some of them wisely, some of them haphazardly. I think 
your Committee of Seven material is a decisive factor in the situation. 
I think it would be a fine thing for all of us if you could write a summary 
article, giving the work you have done, and stressing the actual appli- 
eation of your findings. Could you present illustrations of how eurricula 
are being modified and showing how your data apply? Can one justify 
a curriculum in arithmetic that is definitely stepped up to higher grade 
levels than now? . . . A statement by you in the form of an article dis- 
cussing detailed, concrete applications of your findings would be invalu- 
able.”’ 

That letter clearly indicates the intent and scope of this article. 

The Northern Illinois Conference on Supervision (formerly the 
Superintendents and Principals Association of Northern Illinois) had 
many years ago a committee on curriculum. It was called the Committee 
of Seven. By 1921 this committee had practically ceased to exist, and a 
new Committee of Seven was organized by its present chairman for 
cobperative research in arithmetic. 


Summary of the Methods Used by the Committee of Seven.—First of 
all the Committee of Seven determined, with the codperation of 98 super- 
intendents of schools, the grade in which each arithmetic topie was most 
commonly taught. Teaching material was then prepared for each topic. 
It was to be used at its most common grade level and at levels one or 
two grades lower and one or two grades higher. School systems were found 
which were willing to teach certain of these topics in these several grades, 
either by advancing the topics in their curricula or by postponing when 


*The Committee of Seven consists of Orville T. Bright, Sup’t of Schools, Floss- 
moor, Illinois; Turner Chandler, Principal Burnside School, Chicago; Harry ©. 
Gillet, Principal University of Chicago Elementary School; J. R. Harper, Sup’t of 
Schools, Wilmette, Illinois; Raymond Osborne, Principal Francis W. Parker Schoo, 
Chieago (temporarily in absentia); O. E. Peterson, Head of Department of Educ» 
tion, State Teachers College, DeKalb, Illinois, (Secretary); Howard Storm, Sup’t 
of Schools, Batavia, Illinois; and Carleton Washburne, Sup’t. of Schools, Winnetka, 
Illinois, Chairman. 
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cessary, although there was enough diversity in grade placement to 
ible the Committee to find schools which habitually taught the subject 
HE a grade lower or higher than that which was most common. The willing- 
ess of school officers and teachers to codperate was one of the most 
atifvying features of the Committee of Seven experimentation. It 
owed a genuine desire on the part of superintendents and teachers to 
alyze their arithmetie curricula in terms of research. 

All the children in the grades which were going to participate in an 





‘periment were given group intelligence tests and tests in the founda- 
tions thought neeessary for the learning of the process. Foundations 
tests always included the prerequisite knowledges or skills, such as, in 
the case of compound multiplication, knowing the multiplication facts, 
ability to multiply numbers of two or more digits by numbers of one 
digit, and ability to add numbers of several digits. Sometimes the 
foundations tests also involved an understanding of the coneepts back 
of the process which was to be learned and an understanding of the 
number values, such as the nature and values of fractions. Weaknesses 
revealed in these foundations tests were overcome, as far as possible, by 
direet teaching before the experiment was begun, and a second form of 
the foundations test was then given. It was on the basis of the scores on 
the second form of the foundations test that graphs were later made. 

Tests were prepared to cover the more important elements of the 
teaching material. These tests were made in several forms to include the 
same elements of difficulty in the same order. One of these forms was 
ised as a pre-test, others were used as teaching tests, one was used as a 
final test given at the close of the teaching, and one as a retention given 
six weeks later with no intervening teaching of the topie. 

The methods of teaching, the time allotted for each day, the num- 
ber of weeks the teaching was to continue, and so on, were all specified 
by the Committee on the basis of preliminary experiments in their own 
schools. No home work was allowed. 

All tests, including intelligence tests and foundations tests, were 
sent to the Research Department of the Winnetka Publie Schools for 
‘tabulating. Mabel Vogel Morphett, Director of the Research Department 

and during her absence for several years, Vivian Weedon), and William 

Il. Voas, Psychologist for the Winnetka Publie Schools, have worked with 
the Con.mittee of Seven continuously. Indeed, without the facilities of 
the Winnetka Research Office, the work of the Committee would have 
wen almost hopelessly handicapped. 

The resulting tabulations were studied in a variety of ways, but the 
uost effective and useful form of summary was a graph for each topie, 


nade as follows: 
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First, the papers were eliminated of all children whose pretests 
showed that they had already learned the process. Second, regardless of 
mental age, the achievement on the retention test was plotted against 
foundations test scores. This usually resulted in a straight line graph, 
rising steeply from practically no children able to do the process whe 
the foundations test seores were very low to a considerable percentay 
of children able to do the process when the foundations test scores wer 
high. An inspection of these graphs made it possible to determine t| 
minimal degree of mastery of the foundations which was necessary fo 
learning the topie in question. 

Third, the papers of all children who had not reached the necessar 
grasp of foundations were eliminated and the remaining papers wer 
tabulated against the mental ages of the children. In other words, giver 
the prerequisite knowledge and skill for a given process, at what ment 
age can a child best learn that process? The resulting graph usual! 
was the typical S-curve of growth. Mental ages were plotted along t}y 
base of the graph, the percent of children who showed 80 percent 1 
tention being plotted up the side. The curve showed usually that th 
longer one postponed the teaching of the topie up to a certain point 
the more one gained by the postponement. Then came the point 
flexion in the curve, and the more one postponed thereafter, the less on 
gained by the postponement. 

The point of flexion in the curve was usually considered the idea! 
point for teaching the topie, provided at least three-fourths of the chil 
dren were able to achieve success at this stage of mental growth. | 
some eases the point of flexion did not come until considerably afte 
three-fourths of the children were able to achieve satisfactory mastery 
In these cases a minimum mental age was set up, it being the ment: 
age at whieh three-fourths of the children could achieve 80 perce) 
mastery of the topic. 

Other graphs, freed from the arbitrary standard of 80 percent mas 
tery by three-fourths of the class, were prepared on the basis of the av- 
erage achievement at each mental age.’ Interestingly enough the points 
of flexion on these curves came at practically the same places as did thos 
on the eurves of the other graphs. In short, there seems to be a stag 
in a child’s mental growth before which he cannot learn the topie ec 
onomically and after which he ean. That stage of mental growth is th 
one which the Committee of Seven has recommended for the plac 
ment of each arithmetic topic. 


‘Washburne, Carleton. ‘‘Grade Placement of Arithmetie Topies,’’ Twenty-Ni 
bearbook of the National Society for the Study of Education (1930), pp. 641-67 
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In this way, some twenty-two processes and sub-processes have been 
uvestigated and reported.? The mental age level assigned by the Com- 
ittee of Seven is, of course, the mental age at which three-fourths of a 
ormal group ean attain seores of 80 percent or better in retention tests 
vering a topic. We do not know how much earlier they can begin to 
dvantage, in learning a topic, nor when the easier aspects of a topie 
might be learned to advantage. Within the limits of the experimentation, 
the findings show that to add columns of a certain height and width re- 
uires a certain degree of mental development, to do long division with 
specified length of divisor and dividend and involving other specified 
difficulties requires another level of mental ability, and so on. The Com- 
mittee’s recommendations in regard to the placement of these various 
topies have been repeatedly published (see bibliography). 


VALUES OF THE STUDY 
The work of the Committee of Seven has been the first thorough study 
' the curriculum in relation to mental age and necessary foundations. 
It has brought out strongly the need for knowing the child’s 
mental maturity and his readiness for learning a given topie. Schools 
continually give too little attention to both factors, not only in arithmetic 
but in all other school subjects. They attempt to teach children before 
the children have reached the necessary mental maturity; they attempt 
to build on inadequate foundations. The result is waste, inefficiency, and 
frequent failure. 
That failure has been more common in arithmetie than in any other 
school subject above the first grade is common knowledge. The work 
’ the Committee of Seven has shown one of the principal causes of 
that failure and has brought out the means of prevention. 
The techniques worked out by the Committee in its studies have sug- 
vested ways of grade placement research in all fields, at least all fields 
aving to do with the aequisition of skills—not that the techniques of 
the Committee of Seven are in any way perfect (their limitations will 
soon be pointed out), but at least they are the first techniques to be de- 
veloped in this field, are workable, and produce practical results. 
The very limitations of the work of the Committee of Seven point 
e way to future research, and should stimulate such research. 
Finally, there are immediate practical results in the tentative norms 
s to the necessary maturity and readiness for learning each arithmetic 


topie. These are already affecting practice widely. 


Gillet, Harry O. ‘* Placement of Arithmetie Topies,’’ Journal of the National 


tucation Association (June 1931), pp. 199.200. 
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LIMITATIONS OF THE STUDY 


Some of the limitations of the Committee’s work are those inherent 
anv new venture. The early experiments, particularly, showed the | 
of pre-existing experience in the field of study. Other limitations 
inherent in the facet that the members of the Committee are all 
busy people, each with a full time job. They have to do their Committe 
work on Saturdays, evenings, or an occasional school day. Fortunat: 
in the experimentation this was largely compensated for by the fact t 
the director of the Winnetka Researeh Office was able to devote pra 
cally full time to the Committee work, and the various clerical assist 
ints were likewise on full time whenever necessary. Then there wi 
and are financial limitations. The work of the Committee has be 


financed almost entirely by contributions ranging from one to two | 


dred dollars each from the parent organization and the northern divisions 


of the Illinois State Teachers Association. Before the depression three 


grants of $1,000 each were made by private individuals. The money has 


not been sufficient to do the repeating of experiments and to do the min 
detailed analyses that the Committee would like to have done. 

One serious limitation of the Committee's experiments lies in the f; 
that it necessarily had to dictate for each topic a specific method of tea 
ing and specific materials. While this method is probably equal if not 
superior to the method used in most schools, it undoubtedly could 
improved upon. Whether improvement in the method would change 1 
mental maturity placement is, of course, purely hypothetical; ie., 
do not know whether among good methods of instruetion one will 
quire a maturity level for completing the learning of the process signi! 
eantly different from that required by another. It is quite possibl 
that a truly functional method growing out of a felt need on the part « 
the child, tied up closely with the realities of his life, would mak: 


possible for him to learn a process at a period earlier than that ind 


cated by the Committee’s research. On the other hand, it is perhaps 


equally possible that if one were to use a truly functional method, o 
would have to postpone the teaching still farther, in order to have t! 
process function in the ehild’s life. We are in the field of mere specul: 
tion when it comes to the question as to how far change of metho 
would change the apparent maturity necessary for learning a given topir 
Research in this field is highly desirable. 

Again, we do not know what the effeet would be of changing the tim 
allotment for teaching. The Committee specified the amount of tim 
necessary, as shown by informal preliminary experiments, for covering 


the ground of the process rather thoroughly. This, however, was for eo 
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trated instruction in the one process. It is possible that a long, 
idual approach might either postpone or advance the point at which a 
ld could learn the process. The fact that on the whole there is rel- 
vely little loss between the final test and the retention test, would seem 


indicate that the instruction was not so concentrated as to be a kind 





cramming. It would, however, be interesting to experiment with the 
ect of a slow spiral attack upon arithmetie topics, in comparison ‘with 

more direct attack used by the Committee of Seven. 

The standard of 80 pereent retention by three-fourths of the ¢lass, 
s indieating the minimum of acceptable mastery, was of course purely 
hitrary. The Committee has graphed the results of using various 

ndards, and whereas, of course, if the standard is raised, the number 
children at any given mental level reaching mastery will be lowered, 

d viee versa, it is interesting to note that the graphs are all of the same 

ipe, Le. the curve breaks at the same mental age level. As alread) 

inted out, the method of simply taking average scores of each mental 
ve level, regardless of any arbitrary standards, tends to show that the 
reaking point of the curve is independent of arbitrary standards. 
Nevertheless the minima set by the Committee of Seven in their pub 
shed tables always assumed the arbitrary standard of 80 percent re- 
ention by three-fourths of the class, and anyone who is willing to have 
wer retention or a smaller proportion of the class achieving that reten- 
on, could perfectly freely drop below the minimum standard set by the 
(‘ommittee. The converse is likewise true. 

The foundations tests as prepared by the Committee are inadequate. 
(hey are much better than most schools use, but, except for the founda 
ons tor fractions and for the early werk in addition, the foundations 
sts have lacked elements that would show whether or not the child 


da real coneept of the meaning of the process that he was going to 


ndertake. The Committee’s foundations tests, for the most part, check 
ly 


his mechanieal facility in the prerequisite skills. 

The tests in the process taught ( pre-tests, final tests, and retention 
have not always been sufficiently complete. Sometimes one level 
difficulty in the process was represented by only one example. This 

akes it unsafe to generalize on the placement of each type of sub 

rocess included within a given process. For example, there may be a 

ery real difference in the proper grade placement of adding such un- 

e fractions as 14 plus 14, and adding such unlike fractions as *, plus 
The Committee’s test on addition of fractions does not sufficiently 
lifferentiate between these two degrees of difficulty in the addition of 


nlike fractions. The same is true for tests in some other topies. Some 
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of the tests were sufficiently complete to make such analyses possi)h|; 
but lack of time and money have prevented completion of the studies 


SUPPOSED LIMITATIONS 


Besides these real limitations there are difficulties that arise in thy 
minds of some eritics. These should be discussed briefly. 

1. The coefficient of correlation between mental age and achievement 
is on its face much too low to indicate a definite predictive value for ¢ 
individual child as to when he ean successfully attempt the subje 
I think the answer to this criticism lies in the fact that there is eviden 
that the percentage of children who can achieve mounts rapidly to a ce: 
tain point of mental age, and that it mounts very little thereafter. As 
a practical piece of school procedure this is sufficient evidence t! 
postponing to this point will materially increase the number of ch 
dren who are successful, and that postponing beyond this point will yield 
diminishing returns in terms of the proportion of children who will |x 
suceessful in attacking the subject. The fact that there is too mue 
scatter of scores at each mental level to produce a high coefficient 
correlation in no way affects the fact that the postponement up to 
certain level will greatly increase the probability of the child’s mast: 
ing the topie. 

2. Oceasionally in the table of norms published by the Committ 
of Seven the minimum standard for the mastery of a_ prerequisi! 
topic is higher than that for mastering the topie which is based up 
it. For example, the minimum mental age for short division Is given as 
11 vears 4 months, while the minimum mental age for long division 
given as 10 years 9 months. Yet short division was considered one 
the prerequisites for long division and is included in the foundations 
test for long division. This looks like a serious discrepancy, but as 
matter of fact it is not at all. It must be remembered that the ment 
ages given are only for those children who have passed the necessa 
foundations test, i.e., all ehildren with low foundation scores are eli 
nated before plotting the proportion of children who are successful 
each successive mental age. It is therefore possible and true that thr 
fourths of the children do not achieve 80 pereent mastery of short 
vision until a mental age of 11 vears 4 months. At the same time it 
equally possible and true that of the children who have achieved t! 
mastery of short division (and of course there is always a considera! 
percentage who achieve it before the mental age of 11 vears 4 monthis 
three-fourths ean achieve a satisfactory mastery of long division at 


mental age of 10 vears 9 months. This does not mean that three-fourt 
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the children of 10 years 9 months can learn long division. It means 
ree-fourths of the children who at 10 years 9 months have mastered 
ort division—and this would not be the majority of all the children of 
s mental age. The optimum mental age for teaching long division is 
blished as 12 years 7 months, whereas the optimum for short division 
12 years 2 months. In other words, the break in the curve does occur, 
s one would expect it to, at a higher mental level for long division than 
short division, and it is desirable to postpone long division until 
s break in the curve occurs, 

3. Some critics have spoken of the danger of accepting the results 
face value because of the necessary tentativeness of the Committee’s 
ndings. Is it not always better to act on the basis of even tentative 
ientifie results than on the basis of a tradition which has always been 

nsatisfactory and which has resulted in many school failures? 
t+. Will not the following of the Committee of Seven recommendations 
in a crowding of the upper grades? As a matter of fact, if 
it. The upper grades have been crowded in the past with long and 
rduous reviews of half-learned material. In the Winnetka schools, for 
sample, our upper grades have actually had more time clear for arith 
netic since the adoption of the Committee of Seven curriculum than 
ey had before. The children go at a topic, which has been postponed 
ntil they are ready for it, with a zest and an efficieney that far exceed, 
‘the teacher’s reports are to be believed, the way they went at a re- 


ew of old topies half-learned. 


4 CURRICULUM BASED ON THE COMMITTEE OF SEVEN FINDINGS 


Some textbooks have recently been revised, partly, I understand, at 
e behest of the State Textbooks Commissions of New Mexico, California, 


nd Montana, in an attempt to meet the Committee’s recommendations. 


rhese attempted revisions, while a step in the right direction, fail to 


ke cognizance of the fact that it is not the grade in the usual school 
nse that is important, but the mental age and the foundations of each 
ild. Unless adequate foundations tests are provided for the begin 
ng of each new process, and unless the teacher is instrueted as to the 
mportance of knowing whether the child who is going to undertake the 
rocess 1s ready mentally and in terms of foundations, the mere post 
oning of a topic one or more grades will only partially solve the problem 

teaching each arithmetic topic at the most desirable level. 

The Committee does not feel that its investigations are sufficiently 
\tensive to justify its recommending a complete arithmetic curriculum. 


Measurements and denominate numbers, for example, are still being in 
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vestigated. The approach to a topie is terra incognita. Should it 
very gradual and based first on informal experiences, or should it be 
direet attack, which for experimental purposes was almost essential] 
the Committee’s work? Is the level at which the Committee finds th 
a topie can most successfully be taught to reasonable completion neces 
sarily the level at which the instruction should first begin? We frank}, 
don’t know. Is the fact that a child can learn the 64 easy addition facts 
in the first grade (i.e., at a mental level of 644 years 5 months) evidence 
that he should do so? Would he perhaps be better off postponing sw 


) 


formal work until he has gained more experience? On this we have 1 
evidence in the Committee's findings. 

And then there is the fact that arithmetic is much more than mer 
computation—at what stages of a child’s growth can he best get thi 
basie arithmetic concepts? When can he best use appropriate arithmetic 
techniques in getting certain types of social understanding, insights, an 
appreciations? All of these questions bear vitally on eurrieulum build 
ing, and no research as yet throws light upon them. 

One word more of eaution: For the sake of convenience, we 
using the terms Ist grade, 2nd grade, ete. The grade must be interprete 
however, not as the grade in which the child is sitting, but as the ment: 
level which he has reached. A mental age of 614 to 714 is considered 
first grade, 714 to 814 second grade, and so on, A child sitting in a third 
grade room, but having a mental age of 914 or more would from tly 
Committee’s standpoint be considered a fourth grade child. Similarl 
a child sitting in a third grade but having a mental age of 744 would 
be considered a second grade child. It is not the room the child is sitting 
in, but his mental growth as evidenced by intelligence tests, by found 
tions tests and previous work in arithmetic, and by the teacher’s ob 
servation of his approach to the subject that must be considered.  T! 
Committee wishes to emphasize very strongly the importance of givil 
a foundations test before each process. It should measure prerequisi! 
skills and basie underlying concepts necessary for the learning of 1 
new process. Adequate foundations are even more necessary than, : 
though of course closely related to, the attainment of a given ment: 
age 

Here, then, are some of the immediate, practical, albeit tentativ: 
applications of the Committee’s work. These applications have be« 
made and are continuously being made in the schools of all the men 


bers of the Committee of Seven, and of course in many other schools ; 


well. All of us who have used these findings are convineed that su 


ith 
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se tends to reduce materially retardation in arithmetic, and partie- 
irly to reduce or eliminate the grief of long, hard, and unnecessary 
ills. We have all found it practieal and eminently desirable to use 
ese findings in our curricula: 

The only formal work in arithmetic that can be adequately mastered 

first graders is the addition facts with sums of 10 and under. This 
oes not mean that very easy subtraction facts cannot be learned at this 
vel, but that the large group of the easy subtraction facts measured 

the Committee of Seven (the easiest 50) are not successtullv learned 
t this level. To avoid repetitiousness, let it be said here, once and for 
|, that the statement that a topie must not be taught below a given level 
ever means that certain easy aspects of it may not be introduced at a 
wer level. We do not know whether they may or may not. 

In second grade, children are able to learn the remaining addition 

s and the easier half of the subtraction facts.* They are also abl 

learn how to add 1-digit numbers to 2-digit numbers. 

Children of third grade abilitv can learn to add columns 5 digits 
ide and 3 digits high, ean complete the subtraction faets,* and ean 
arn to subtract 3-digit numbers from 3-digit numbers. 

Children of fourth grade ability, especially toward the latter part 
the fourth grade, can learn all the multiplication facts and can learn 
o use these in both simple and compound multiplication where the multi 
iicand does not exceed 4 digits and where the multiplier does not exceed 

> digits. These children ean also learn the meaning of fractions* and 
n learn to make and read simple bar graphs which do not involve com 
‘utation and fractional estimates. 

At the fifth grade level of ability children can add columns 4 digits 

igh and 3 digits wide, ean readily learn the division facts and apply 

to short division, can learn to add and subtract fractions and 
iixed numbers with like denominators,* and can learn to add, subtraet, 
nd multiply deeimals. 

Children of sixth grade ability can learn the more difficult division 


a 


ith two place divisors and 4 place dividends,** including division of 


ecimals by integers. They ean learn to multiply and divide fractions. 


*Subjeects marked are placed at the optimum level, others 
is arrangement makes full use of the Committee’s findings, bu 


arrangement, uses optimum placem nt instead of minimum 


The Committee made several studies of long division and the 
' for completing different aspects of it ranged from as low as 9 vea 
the simplest forms to 12 vears 7 months for the complete process inv lving 


ficulties. Sixth grade placement is a trifle low for the complete process, but 


t ially used in the Committee's schools. 
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Children of the seventh and eighth grade levels can do Case I percent- 
age and ean learn to add and subtract unlike fractions involving the find 
ing of common denominators, to divide decimals by decimals and to do 
(‘ase IL pereentage. 

If the child does not undertake to complete any of these topies unt 
he has reached the mental age usual for the grade to which the topics 
are above assigned, and if he has a thorough grasp of the necessary foun 
dations, his chances of successful achievement are very much greater thar 
under the traditional curriculum. 
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Simple reasoning problems in addition, subtraction, multiplieation 
and division at different levels of ability. 

WASHBURNE, CARLETON. ‘‘Why Is Arithmetic a Bugbear?’’ New Era, 
January, 1954; //inois Teacher (November, 1934), pp. 69-71. 

A general article on the various eauses of children’s diffieulty wit! 
arithmetic, ineluding the results of the Committee of Seven studies 
through 1933. Practical suggestions as to methods of improving arith- 
metic instruetion from various angles. 

Srorm, Howarp. ‘* How the Committee of Seven Can Help the Teacher,’ 
Illinois Teacher (April, 1935), pp. 253-254. 

A short popular article for classroom teachers on the practical appli 
eation of the Committee's work. 

(‘OMMITTEE OF SEVEN. Measurement of Time and Linear Measure; Graded 
Tests in One-Step Problems—Tentative Teaching and Testing Ma 
terials. 

Mimeographed book published by Winnetka Educational Press for 
meeting of Northern Illinois Conferenee on Supervision, DeKalb, May 4, 
1935. 

A progress report of the Committee of Seven for 1935. Contains 
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iching units and tests in measurement of time; tests‘and problems in 
near measure; and a carefully organized series of problem solving 
sts in the fundamental operations. 


OMMITTEE OF SEVEN. Committee of Seven Experiments in Teaching 
Time and Linear Measure (Tentative results) Mimeographed by 
Winnetka Educational Press for meeting of Northern Illinois Con- 
ference on Supervision at DeKalb, May 4, 1935. 

A report of progress in regard to preliminary investigations as to the 
rade placement desirable for reaching measurements of time and linear 
wasure. To be superseded when complete data are available. 


WASHBURNE, CarLeron. ** Ripeness,’’ Progressive Education, (February, 

1936), pp. 125-130. 

A diseussion of the general principle of psychological readiness in all 
school subjects, ineluding arithmetic. 

(‘OMMITTEE OF SEVEN. Measurement of Length and Surface; Teaching 
and Testing Materials. 

Mimeographed book published by the Department of Research of the 
Winnetka Publie Schools for meeting of Northern Illinois Conference on 
Supervision, DeKalb, May 1, 1936. 

A progress report of the Committee of Seven for 1935-1936. Contains 
teaching units and tests in measurement of length and surface. 
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OUR UNINTEGRATED COURSES IN PROFESSIONAL 
EDUCATION 

Ir is difficult to turn through the announcements of professional 
courses in most of the larger institutions for the training of teachers 
without being impressed by their numerousness. This is particularly 
true of graduate courses in education: courses in the nature and needs 
of society, child development, curriculum, methods, educational ps) 
chology, measurements, history of education, philosophy of education, el 
mentary edueation, secondary education, ete. While it is probably true in 
our efforts to secure a certain amount of expertness in the different phases 
of professional education that we have introduced some needless multipli 
cation of courses, it is not the purpose of this paper to comment upon this 
phase of the subjeet but upon the problem of integration raised by thes 
courses: How, with so great a variety of educational courses, is the stu 
dent of education to secure an integrated conception of the educativi 
process as a whole, such as might be expected of him in his everyday 
practice of education? Reference has frequently been made to the fact 
that educationalists often hold at one and the same time conflicting 
theories of education, Many persons report that the courses in eduea 
tion have left them confused, and without an integrated view of th 
educative process. While this situation may be due in part to our edu 
cational superficiality (and edueation is not different from other subjects 
in this respeet) it seems also to be due in part to the non-integration 
of a highly compartmentalized system of education. 

There appear to be at least three levels of integration appropriaté 
to this problem: (1) the administrative level; (2) the instructional! 
level; and (3) the learner’s level. The ultimate hope of the eduea 
tionalist is somehow to get the learner integrated. On the administra 
tive level one of the most important problems of integration arises in thi 
classification of course offerings. For many reasons, the groupings ol 
courses in educational announcements (bulletins. catalogues. ete.) have 
continued chaotic. An elementary principle of classification is that 
the eategories emploved in the classification of things be chosen from 
some consistent point of view. This principle appears to be frequent] 
violated in the grouping of education courses. If there is a department 
of child study, one would expect to find, for example, also groups of 
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x irses relating to the teacher; the curriculum; the materials of in- 
co} ruction: textbooks, supplies and equipment; and the socio-physical 
‘2 vironment for learning. If the groups of courses are made accord- 


¢ to the divisions of the school system one would expect to find groups 
f courses relating to elementary education, higher education, ete. The 
ourses also may be grouped according to funetion: administration, super- 
ision and instruction and the latter further subdivided into eduea- 
onal eurricula, objectives, methods, materials and measurements. 
Sometimes the courses are divided by positions: superintendents, prin- 
cipals, special supervisors, school nurses, directors of guidance and re- 
search and teachers. Frequently the courses are grouped according to 
subject matter fields: history of edueation, philosophy of education, 
edueational sociology, educational psychology, methods, measurements 


and scientific techniques. Seldom does one find any one of these bases 


emploved exclusively in the grouping of courses in an institution, but 


several or all of them may be employed simultaneously, producing a 
complete hodge-podge and leading to much needless duplication of con- 
tent characteristic of so many courses in education 
There are many problems of integration on the instructional 
vel. A major problem of integration on this level grows out of 
the necessity of constantly relating the content of particular courses 
to the instructional program as a whole. Many instruetors it would 
appear fail to make this very important connection. Beyond 
this necessity one finds within the field of education many con- 
flicting theories, principles and patterns. What passes for the truth 
depends all too frequently upon the field or instructor that gives rise to 
This situation is well illustrated in the field of method. There are 
it least three groups of methodists in the field of education: first, the 
special methodists; second,’ the general methodists; and third, the 
elite of the methodists, the educational psychologists. The traditions 
and eoneeptions of these three groups are all different. Nowhere does 
the student get as he should an integrated view of the educative process, 
tving together goals, means, methods, materials and outeemes. The 
course offerings in the field of learning itself fall into three groups: 
irst. eourses discussing theories of learning: second, eourses dis 
cussing mental-motor processes; and third, courses discussing the 
rineiples and conditions for economical learning. These different ap- 
roaches to learning and to the methods of classroom instruction are 
eldom brought together in any sequential relationship setting forth 
the part activities in the total process: (1) objectives, (2) the learning 
situation (subject matter to be learned or activities to be participated 
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fare 
in), (3) the mental motor processes involved, (4) the principles a 4 
conditions for economical learning, (5) the prineiples of method, (| 42 
techniques of teaching, (7) materials of instruction; and (8) outcomes C} 
and their evaluation. The student may spend a considerable amount x 
of time in courses in education and edueational psychology witho 3 F 
vetting anything that approaches an integrated view of teaching. | Ot. 
the absence of such, the student is unable to approach the everyda i 
problem of teaching as effectively as he should. Besides these frag | 1 
mentary and eonflietine points of view in edueation, illustrated fr ( 
the field of method, the student of professional edueation is furth: It 
confronted with the many special educational biases: the science bi 
the history bias, the philosophy bias, the elementary education bias, 1 st 
secondary education bias, the measurement bias, and many other biases 
with all of which he must contend. 
The ultimate goal of administrative and instructional integrati: 
is the integration of the learner. Instructional and administrative | 
tegrations can only pave the way. The actual tying of things togeth: 
must be done by the learner. The instruction and the administrati 
can furnish the means, emphasize its importance, and note progress 
the student must supply interest, effort, and mental activity. The st 
dent’s best measure of progress toward integration may be found ; 
applying educational theories to conerete teaching, administrative ai 
supervisory situations. In some such wal he may be led to bring his It 
many conflicting theories of edueation into some logically CONSISte Mm 
whole. 

A. 5S. Barr x 
rl 
ut 
. 
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JOUNSTON, Joun B. Education for D 


iri 

mocracy: Essays and Addres nai 
Minneapolis: The University \ 
Minnesota Press, 1934), pp. VI + 28 es 
In his own words, ‘* The author seeks t ret 
focus attention on the funetion of ¢ nt a 


educational system in a democracy.’ Wit n iD 
one exception these papers and address 

have been written since the publication to 
1930 of The Lib ted | 


College It is, ther in ¢ 


his earlier book on 


in Changing Society? 


fore, possible to compare his former stat ntial 
ments concerning the functions of t n of 
liberal college with his later views ey 


pressed in this eolleetion of occasion t 
papers. 
In view of the fact that his chapter eds 


conelusions in the earlier book was wi 


ten in December, 19292 and _ sinee 


tells us in the preface that that be nts 


was ‘‘ written literally in odd moments | 
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routine of administration,’ ™ w tna 
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mav safely assume that 


practically 


the book was written before the crash 


SC] 
the stock market in October, 1929. \ em 
may, therefore, assume that we have | tional 
conception of the function of the liber: 
college before that event available f should 
comparison with his views as affected | 
the present crisis. ful ¢ 
Dean Johnston opened the first chapt 
if his earlier book by saying, ‘*T ra 
function of the college is to make lea 
ing available to society.’” He made | is 
meaning clearer by the further statem 
that, **The central purpose in maki e re 
learning available is to enable society ( 
dju itself with the minimum fricti 
rel lo nh SUCCESSIVE ives of 118 ¢ 
lution.’ ” ces 
With remarkable elarity of vision 
entled attention to the dangers inherent 
n the eeconom’¢ situation before the eras! 
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lohnste l B Ti Liberal ¢ lea 
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Commission eon the 
nmission on the Secondary School Cur 
ulum of the Progressive Edueation 
\ssociation, of which V. T. Thayer of 

Ethical New York 


is chairman, is studying a number 


Culture Schools, 
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‘urriculum reorganization; anal 


the teaching and cultural as 
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analysis of 
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given study of 
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Education. 
Fourth Conference on Business Ed 
held at the 


j > 
(onlerence on Business 


ation will be University of 


Chieago, June 25 and 26, with the sub 


ect of ** Business Edueation for Every 


MIV, ** The conference of last June drew 


partierpa 


nts from 21 different states. 
ludia Conference. It is interesting to 
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note the topies discussed at the 
Educational Conference in 
1934: ehildhood and 


n, primary and rural education, 
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education 
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, health and physical education, 


training for teachers, internationalism 
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Terce 
Conference of Arts and 
Sciences will be held from August 31 
September 12, symposia 
be held, 


ences, 


Harvard 


Tereentenary 


ntenary.—-The Harvard 


1936. Five 


dealing with ‘‘ physical 


‘biological sclconces, 79 6 *tncto 
determining human behavior,’’ ‘‘ author 


itv and the individual,’’ and with 


dependence, convergence and = bor 


in institutions, thought, and art 
Peabody Conference. T he Sevent!} An 
Board Men 
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nual Conference of School 


bers and School Administrative 
held on June 11, 12, and 13, 


Peabody College for Teac! 
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at George 
Nashville, Tennessee. 

Bibliography on Teacher Education. 
Pamphlet No. 66 of the U. S. Office of 
Edueation 


references on teacher 


June 1, 1932, to October 


eovers 
training from 
1, 1935, 
1935, Volume I, of the 


of the Ee 


and supplements Bulletin No. 10, 
National Survey 
lueation of Teachers. 
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35 fnnual Reports of the Carneau 


Foundation and of the Carneaie Coa po 
ation.—The report of the Carnegie Foun 
Teacl 


Townsend 


dation for the Advancement of 


ing discusses scholarship, the 


Plan, 


Study, the problem of tax exen 


mass education, the Pennslyvania 
ption, and 
salary schedules and 


teachers. W. 


criticizes the 


competition = 1 


Jessup, president of the 


Foundation, undue emphasis 
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riven in some high institutions to trivial 
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public iftions ‘*The a doe 


possession of 


torate or the iltiplication of trivial 


publications has tended to blind those 
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who are responsible for selecting, pro 
moting, and making comfortable the 
teaching staff of our colleges and uni 
versities to the fact that personality is 
till an indispensable element in an in 
stituti s effeetiveness Standardizing 


ssociations meant well in their pressure 
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t I eu t ith, Ith i! art imutiation ot 
, : , 
riess, superficial scholars who were 
( to recog e that the likeliest road 
‘ nr tion | n the direetion of ‘pub 
cat n 
The facet far too often overlooked 
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nest tencher whom this country has 
produced, men and women whose lives ar 
reflected in institutional glory and mn 
ffection, have possessed ilities vast), 
tine thar flair f nul ! ,? 
I r ‘pu 
The progra of the Carnegie Corpo 
tor the field of general edueation has 
en as follows 
l ‘ porat n carrving out its 
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documents of unusual 


Another document for which the 
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Few people realize that this is no long 
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major purpose of the has be 
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our thinking and practice in ways 
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now Toreseen, 
Time 
‘* Both in the support of general ed 
in 


eation studies and in its grants to s] 


cifie institutions, the Corporation w 
in close accord with the Carnegie Found: 
tion The Foundation does not its it 
make grants, but the conelusions reach« \pp! 
in its professional studies ean and do it 
fluence the policies of the sister instit 
tion.’’ thet 
The Corporation has published a volur Hue 
of tributes to Andrew Carnegie “OP 
memorating the one hundredth anniv ud 
held 
Sary 1955 of his birth. : 
n ¢ 
Commonwealth Fund, 19 at * 
Fund has iy propriate 1 in the vear 1%: ai 
1935 the sum of $1,574.025.07. Of t loti 
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r work, the Fund has shared the cos ‘ 
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tunities presented by internships and res 


dencies in the hospitals of New Yor! ret 
te: ching clinies at Tulane; a teachin the 
and research service in tubereulosis whi n t 
uses the wards of Bellevue Hos} ital, Ni 

York: the established services of tl R 
American Public Health Association } 
the National Organization for Publ 

Health Nursing; the continued work ¢ ib 
the National Conference on Nomenelatu 

of Disease; and research in child de SI 


\ ‘lopment at the 


New 


Neurological Institute n 


York. I 
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Associated 


group payment 


in the Hospital Service 


al Education Board, 1984-35. 
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propriations made during 
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Scotland. 
the 
Education 


earch in The annual re 


1934-35 ) 


in 


Seottish Council 


the 


of 


for Research outlines 


work completed and sug certain 


gests 
projects to be undertaken : 
l. The 


sentative sample of 


individual testing of a repre 
the school population 
by both Binet and performance tests. 

2. A all 


children plus, or « 


scholastic ot Seottish 
of age 11] 
ciently large representative sample. 

3. An different 
qualifying examination employed in cer 


opte a 


survey 


OT 
I t 


sufh 


inquiry into types of 


! 


tain areas and of the substitutes a: 


by various Education Committees 


These proposals have met with the 


ap 


proval of the International Institute of 


Teachers College, Columbia University, 


and a grant of $10,000 te be paid in four 
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Principles of Teaching 

Classroom Management 
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a Right Start as a Beginning Teacher, The Reconstruction of Secondary 
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Up-to-date references are annually furnished by the authors. 


Price, $ .75, postpaid 


ublic School : 
ublishing Company i 


Bloomington, Illinois 














